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NQLTR 73-191 28 September 1973 

Computer Programs for the Analysis of Spacecraft Magnetism 

During the past several years techniques have been developed for measuring and 
analyzing the magnetism of spacecraft.    The techniques are directed, first, at 
estimating the spacecraft's magnetic dipole moment and, second, at compensating Mie 
dipole moment to allow the spacecraft to maintain a stable orientation while in 
orbit.    This procedure requires accurate measurements of the magnetic field 
emanating from the spacecraft.    The Naval Ordnance Laboratory is currently involveö 
in the development of a facility to conduct sophisticated magnetic tests of space- 
craft.    The facility will contain instrumentation which will automatically record 
and analyze the test data.    This report has been published to document the 
numerical techniques to be used in the analysis of the data.    Techniques are also 
described which can be used to predict the accuracy of different types of 
measurement and analysis techniques. 

The development and testing of the computer programs required a considerable 
amount of effort.    Mr. H. W. Korab contributed much to this effort, including the 
development of the BASIC version of the analysis procedure.    He also assisted in 
the development of the illustrations included in this report. 

This work was funded in part by the Spacecraft Technology Center of the Naval 
Research Laboratory under task number NQL-786-G01-53. 

ROBERT WILLIAMSON II 
Captain, USN 
Commander 

*R. B.  KNOVLES 
By direction 
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Chapter 1 

INTRODUCTION 

1. A major effort has been applied to the development of computer programs and 

subprograms to assist in the analysis of satellite magnetism.    The analysis is part 

of a procedure directed at determining and compensating the magnetic dipole moment 

of a satellite.    The procedure involves four steps.    The firrst step is to measure 

the normal component of the satellite's magnetic field on the surface of a sphere 

enclosing the satellite.    The second step involves the spherical harmonic analysis 

of the measured data to detennine the magnitude and the direction of the satellite's 

dipole moment.    The third step is to attach an opposing dipole to the satell.'te 

with equal magnitude and opposite direction.    The final step is to repeat the 

measurement and analysis procedures to verify the compensation. 

2. The five programs described in this report have been devised to perform a 

variety of data analysis tasks.    One of the programs is coded in the BASIC 

computer language.    The other four are coded in FORTRAN IV,    The first three 

programs are used to analyze data representing the normal component of the 

magnetic field on the surface of a sphere enclosing the satellite.    The fourth 

program is used to generate simulated measurement data for a specified system of 

multipole magnets.    The program also allows the simulation of measurement errors. 

The last program is a combination of the data generation and the analysis 

programs.    The programs have been designed to allow a variety of options including: 

a. Reading the input data from paper tape or from a data file 

b. Using either an algebraic or geometric integrating scheme to perform 

the analysis 

c. Printing the data after preliminary data processing 

d. Interpolating and plotting the processed data curves. 

UNttUttawlilU 
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3.   The discussion begins with a brief description of data acquisition 
techniques.    This Is followed by a description of the five programs Including 
sample problems which demonstrate the use of the. programs.   Finally, a description 

Is given of some of the primary subprograms.    These are listed separately since 

they can be vised as building blocks for other programs.    The discussion is 
supplemented by several illustrations, many of which are the actual computer 

outputs from the execution of the computer programs.    The majority of the data 
curves are output from the CALCOMP 570 digital Incremental plotter.    A description 

of the data units for the programs has also been included in paragraph 33. 

Appendix A contains a glossary of symbols and terms used in the report. 
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Chapter 2 

DATA ACQUISITION TECHNIQUES 

4,. A brief description of spherical coordinates and the techniques used in the 

data acquisition vrt.il assist in the description of the parameters used in the data 

analysis and the computer programs. Figure 1 illustrates the relationship between 

rectilinear and spherical coordinates. An arbitrary point R (or vector) in space 

can be defined in terms of the spherical coordinates of R, 6, and cp representing 

the radial distance, the colatitude and the (easterly) longitude respectively. 

(9 is sometimes called the polar angle, and 9 is sometimes called the dihedral 

angle.) Appendix A gives the definitions of these coordinates in terms of 

rectilinear coordinates. 

5. Figure 2 shows a simplified diagram of the test setup for conducting the 

measurements of a satellite's magnetism. The degrees of freedom illustrated in 

the figure are defined to correspond to the spherical angles. The rotation axis, 

provided by a horizontal turntable, allows a variation in colatitude. The tilt 

axis, provided by a gimballing fixture attached to the satellite, allows a 

variation in longitude. Analog curves are made of the sensor reading versus the 

colatitude for a fixed set of positions of longitude. The curves are recorded 

while the satellite is in a zero magnetic field environment. Notice that the 

sensor in Figure 2 is radially aligned. This setup generates analog curves 

representing the normal component of the satellite magnetism along great circles of 

longitude as shown in Figure 3. 

6. Let the parameter HO represent the number of curves of data to be recorded. 

These curves correspond to measurements along great circles spaced (l80/N0) degrees 

apart. Figure 3 shows an example when NO = 6. There will be six analog curves of 

data corresponding to the six great circles. Figure U  shows the initial positions 

for each of the curves. 
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7. As a sample problem consider the system of dlpoles Illustrated in Figure 5* 

The first curve begins with the -t-z-axls directed at the magnetic sensor and the 

+y-axls pointed up. The turntable Is rotate(.,. clockwise. Prior to beginning each 

succeeding curve, the satellite Is tilted (180/NO = 30) degrees around the z-axls. 

Figure 6 shows a typical set of six data curves for the sample problem. Each curve 

Is marked with 25 data points. The parameter Nl Is used to represent the number of 

data points per curve (Nl = 25 In the example). The points are spaced (360/(Nl-l)) 

= 15 degrees apart. The value at each measurement point is automatically- 

recorded via analog-to-digital (A/D) conversion equipment in the satellite 

measurements. 

8. Notice that the curves in Figure 6 do not all begin with the same value, 

although, theoretically they should. This is typical of the type of measurements 

that are made on satellites. The curves represent relative measurements Instead of 

absolute measurements. It would be possible to Insure that the curves all begin 

with the same value, but it would not necessarily be the correct value. 

Nevertheless, the data analysis is independent cf the starting value of each curve. 

Therefore, no concern is given to this problem in the acquisition of the data. 

9. Reference (a) lists several considerations in the determination of the 

parameters for the data acquisition including NO, Nl, and the radius Rl of the 

measurement sphere. The considerations include: 

a. The smoothness of the data curves 

b. The analysis method 

c. The accuracy of the measuring apparatus 

d. The round-off errors of the computing machine. 

The parameters are not all independent. They must be determined by making certain 

compromises. For instance, the data curves can be smoothed by increasing Rl 

(i.e,, by increasing the minimum distance between the surface of the measurement 

sphere and the satellite), but this will decrease the relative accuracy of the 

data. Also, the total number of data points NO'Nl may be increased, but computing 

machine errors will become more significant. An increase in the number of data 

points will also increase the computing time and data storage. 
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10.   Experience has shown that the dlpole moment for most problems can be 
approximated accurately enough If the following conditions hold: 

a. Let the minimum distance between the surface of the measurement sphere 
and the satellite be at least half the maximum diameter of the satellite to insure 
sufficient smoothness of the data curves.   For example, the radius of the 
measurement sphere for a body with maximum diameter of 50 inches, and centered at 
the origin, snould be at least 50 inches • 

b. Let   NO be 2 8 and Nl be s 16   to insure that the errors from the 
numerical approximation are smaller than the measurement errors.    (This condition 
can be relaxed in cases where the satellite magnetism gives simple sine-cosine 
curves.    In the past,    NO = 4 and Nl = 25   has been sufficient in many cases.) 

c. Use the simplest analysis procedure (i.e., the geometric integrating 
scheme) for the preliminary analysis since it is relatively accurate and aasy to 
use. 

5/6 
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Chapter 3 

MAIN PROGRAMS 

PROGRAMS SAl(m AND SA202A 

Introduction 

11. The programs labeled SA1024. and SA2024. (Appendices 6 and 0) are BASIC and 

FORTRAN IV versions, respectively, of the basic one-term data analysis prcuedure. 

The procedure is simple because only the dipole moment term is computed for the 

satellite magnetism and only the approximate method of numerical integration is 

used.    The programs print the measurement data and the computed dipole moment in 

rectilinear and spherical coordinates.   They also print data which assists in 

calibrating and aligning the compensating dipoles.    The major difference between 

the two versions is the manner of entering the data.    The BASIC version is set up 

to take the data from DATA statements.    The FORTRAN IV version accepts data from 

paper tape or from a data file. 

Input Data 

12. The data is entered into the programs in the order of the following 

definitions: 

a. First line of data or data card - formatt  (315) 

NO - The number of curves of data (NO is even and ^16.) 

Nl - The number of equally spaced data points per curve from 0 thrv 

360 degrees colatitude (N.. is odd and £ 33. The first and last 

data points for each curve correspond to measurements at 

0 degrees colatitude.) 

IR - The parameter that determines whether or not to read the data 

from a data file. IR ^ 0 means that the data will be read from 

the data file DAT024.. (This parameter is used only with the 

FORTRAN IV version.) 
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b. Second line of dat:1 or data card - format;  (2F6.1) 

Rl - The radius of the measureinent sphere In inches 

C6 - The value of the calibration signal (C7-C8) in gamma 

c. Third line of data or data card - format; (15) 

N2 - The parameter that determines whether or not to print the 

measured data (N2 ^ 0 means that the data will be printed.) 

d. Measurement data - format;  (9F6.1) (These cards are deleted if 

IRJ 0.) 

C7 - The static measurement with the calibration signal 

C8 - The static measurement without the calibration signal 

F(I,J) - The measurement data for I = l^,'",^ and J = 1,2,*"»NO. 

The input data cycle may be repeated by starting with new data NO, Nl, and IR 

again. The program execution is terminated by setting the new value for NO equal 

to zero. 

Output Data 

13.    The programs SA102i; and SA2024. then perform a numerical Integration of the 

equation 
TT 2n 

D =  (3'R1
3

/8TT)  /y   f (9,cp)  sin 9 de dcp (1) 

0 0 

for the dlpole moment D.    The numerical equation is 

NO    Nl 
D^O'RlVSn)   E   E F(l,J)-!T(e(I),cp(J))-X(l) (2) 

J=l 1=1 

where 

D s (D, , D_,  D_) is in gauss-centimeters 

F(I,J)  s f(e(l),cp(J)) is in gammas 
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sin (eCOWos^J))" 

sin (9(I))'8ln(v(J)) 

cos (6(1)) 

9(1) £ 2n(l - 1)/(N1 - 1)   is the colatitude  (turntable angle) (3a) 

V(J) = TT(J - 1)/N0 is the longitude (tilt angle) (3b) 

X(I) £ [sin(n/(2»Nl - 2))]2/(2'N0) if I = 1 or Nl (4a) 

= [sin(TT/(2'Nl - 2))] /NO if I = (Nl + l)/2 (^b) 

= |sin(9(l)),sin(TT/(Nl - 1))|/(2'N0) if I ^ 1,   (Nl + l)/2, or Nl.   Uc) 

14. Next, the dipole moment is transformed into spherical coordinates as 

D E   (D1 + D2 + ^ 

9 £ tan"1 [(D^ + Dg) VDJ'ISü/TT = colatitude 

cp - tan" (D2/D1)*180/TT = longitude 

15. Finally, Jie program computes the values of two compensating magnets: one 

in the xy-plane and one along the z-axis. The value of the dipole field at one 

meter is also given to assist in charging the magnets to the desired values. 

Sample Problem for SA2024 

16. Appendix D contains the input and output data for SA2024. using the sample 

problem represented in Figures 5 and 6. The file BN2024., which is used for 

execution, is the binary version of SA2024.. This example was executed in two 

different ways on the INTERCOM time-sharing system using the CDC 6400 computer. 

The information typed in at the teletype terminal has been underlined. Data tapes 

reprettenting the measurement data are generated by the A/!) equipment during the 

measurements. The program automatically reads the data in the proper format; 

converts the data into gammas using the calibration parameters C6, C7, and C8j and 

adjusts the data so that the beginning and ending points for all the curves have 

nearly the same value. The result of this procedure is visible in the data 

print-out on page 2 of Appendix D. 
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17. The first, method of dv.la input in Appendix D was from the file DAT024. 

This complete problem required only the first three lines of data.    The measurement 

data was read into the file from an earlier execution of SA2Ü24.     (The program 

execution automatically generates the file DATÜ24 if the data is read in from 

tape.)    The remaining lines of data initiated the computation of the solution to 

the same problem except thut the measurement data was read in from a data tape. 

PROGRAi-'. SA302ii 

Introduction 

18. The program SA3024, listed in Appendix E,  allows a more complete analysis 

to be performed on the data.    The program can be used to compute the dipole, 

quadrupole, and higher order mulilpole terms.    Also included is an optional method 

of integrating the data and a data plotting option.    The optional Integrating 

scheme is labeled ''exact" although it Is exact only for magnetic data from a finite 

number of multipole magnets centered at tho origin.    This scheme is discussed in 

more detail in paragraphs 25 through 32 and in reference  (a). 

19. The program uses several special subprograms to perform such tasks as: 

a. The computation of spherical harmonic coefficients for magnetic field 

data 

b. The generation of values of associated Legondre polynomials and 

Schmidt functions 

c. The inversion of an n x n matrix 

d. The interpolation and plotting of data. 

Some of these subprograms will be discussed in more detail in later sections. 

Input Data 

20. The method for entering the data into GA3024. is very simlliar to t,he 

method for SA2024. with several additional variables.    The data is entered in the 

following order: 

a.    First line of data or data card ~ format:     (615) 

NO - The number of curves of data (NO is even and s 16.) 

10 
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Nl - The number of equally spaced data points per curve from 

0 thru 360 degrees colatitude (til Is odd and s 33. The first and 

last data points for each curve correspond to measurements at 

0 degrees colatitude.) 

NH - The highest degree spherical harmonic term to be computed from 

the data (NH = 1 f'>r dipoles, 2 for quodrupoles, etc.) 

IR - The parameter that determines whether or not to read the data 

jfrom a data file (IR ^ C • .eans that the data will be read from 

the file DATO^.) 

IP1 - The parameter that determines whether or not the data is to be 

interpolated and plotted (IP1 ^ Ü means that the data will be 

interpolated and plotted.) 

IW - The parameter that determines which integrating scheme is to be 

used (IW = 0 means that tha exact, algebraic scheme is to be 

used.) 

b. Second line of data or data card - format: (3F8.4,) 

Rl - The radius of the measurement sphere in inches 

CV - The value of the calibration signal (CS-CZ) in gamma 

PY - The scale factor (gammas/inch) for the y-axis if the data Is to 

be plotted (If PY = 0.0 a factor will be computed from the data.) 

c. Third line of data or data card - format;  (15) 

IP2 - A parameter that determines whether or not to print the measured 

data (IP2 ^ 0 means that the data will be printed.) 

d. Measurement data - format;  (9F6.1) (These cards are deleted if 

IR j 0.) 

CS - The static measurement with the calibration signal 

CZ - The static measurement without the calibration signal 

11 
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F(I,J) - The measurement data for I = 1,2,,,,,N1 and J = 1,2,'",N0. 

The input data cycle may be repeated by starting with new data NO, NX,   •••, etc. 

The program is tormina ted by setting the new value for NO equal to zero. 

Output Data 

21.    The pr 

based on the equation 

21.    The program then computes the spherical harmonic coefficients A   and B 

n 

|Bm 

n 

[(Jn + D-Rl" + 2/Un.(n + 1))] J/f(*,,)< (coS 9)|^|^j. 

0 0 

•sin eded«f (5) 

for n = 0,1,'«*,NH and ra = 0,l,,,,,n.    The numerical equivalent of equation (5) ic 

v!) r ^ o T NO   Nl 
l\=    (2n + l).Rln+ 2/Un-(n+ 1))   j:   £ m,J)<(oos(9(I)))• 

l   I L JJ=1 1=1 n 

n I 

•9(J))( 

I cos (m'i 
aln(m.:.,^{^(i) (« 

where 

n is the degree of the spherical harmonic term 

m is the order of the spherical harmonic term 

P  (cos(9(I)))  is the Schmidt function of degree n and order m.     (These functiorfi 

are discussed in Appendix K.) 

Y(I) is the array of weighting factors for the numerical integration, (One of 

two methods can be used to determine the values for Y(l) depending on the 

parameter IW.) 

9(1) = 2n(I - 1)/(N1 - 1)  is the colatitude (turntable angle) 

tp(j) £ TT(J - 1)/N0 is the longitude  (tilt angle). 

12 
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Equation (5) glvei an expansion for tho function f(9|<p)  as 

f(e,V) - i;   (n + l)/(Rln + 2)   £   fAoBdBp) + BVn(inp)|l^(cos(e)).        (7) 
n=Ü mpO   I-11 n J   n 

If the expansion Is written as f(9,cp) =  ^  ^ ^,«p)  then each f (e,<f))  represonto 

the field from a multlpolo magnet of degree n.    (Reference (a) contains more details 

on the expansion of the function t{y,Q),) 

22. In general, the coefficients A   and B   can be stored as two-dimensional 

arrays A(n,m) and B(n,m), or, they may be packed into single-dimensional arrays as 

A(m + 1 + (n" + n)/2)  - A™ for n = 0,1,2, •••  and m - 0,1, •••,n 

B(m + (n   - n)/2) s B"
1
 for n = 1,2,••• and m = 1,2,•••,»■ 

23. "he program SA3024. is set up to conserve storage by computing and storing 

the coefficients for only one degree term at a time (i.e., for each fixed n) using 

the equations 

A(m +1)  = Am for m = 0,1, • • • ,n 

B(m) H B^ for m = 1,2, •••n. (8) 

It should be noted ihat the coefficient An, corresponding to the monopole moment, 

would be zero if the numerical integration was exact and the data F(I,J) was 

correct. If the monopole moment is not zero, then the data is corrected prior to 

being printed and prior to further analysis. Also for n = 1 and Y(I) = X(I) it 

can be shown that Eqs. (l) (or (2)) and (5) (or (6)) are Identical if 

Dl ^ 

D2 = 4 
D3 = 4 (9) 

24.    The dipole moment D =  (D-,,  D.,  D-)  is computed and printed out separately 

in the program in both rectilinear and spherical coordinates.    The program is also 

13 
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set up to compute the quadrupole moment Q.. for i and j = 1, 2, and 3. This is 

computed and printed separately if NH s 2, The computation is based on the 

equations 

Q11=^.A2
2.^ (10a) 

Q22 = -/3 «A
2 - A° (10b) 

Q33 = 2A2 (i.e., Q11 + Q22 + Q33 = 0) (10c) 

Q12=/7'B2 (10d) 

Q13=/r-A2 (lOe) 

Q23=/T,B2 (10f) 

Qij ::: Qji für i a110 J = i»  2, and 3. (lOg) 

The higher degree coefficients for n = 3,4.,,,*,NH are printed only in their 

spherical form. 

Integrating Schemes 

25.    The program SA3024. is set up to allow a choice between two numerical 

integration schemes for Eq.  (6),    These two schemes are based on two different 

methods for determining the weighting factors {Y(I)|.    The factors actually 

correspond to the elements of spherical surface area assigned to each data point 

F(I,J).    Therefore,  a geometrical description of the two different sets of 

weighting factors will provide some insight into the two methods of numerical 

integration.    Figure 7 shows an example of the areas assigned to a data point for 

both integrating methods.    The dashed lines are boundaries for areas when the 

parameter IW ^ 0.    The areas have values |x(l)| as defined in Eq.   (4).     (The 

weighting factors IY(I)I in Eq.  (6)  are then set equal to |x(I)f.)    The dashed lines 

are equally spaced between data points with equal intervals of longitude  (= rr/N0) 

and equal intervals of colatitude  (= 2TT/N1) .    The weighting factors {Y(I)  = X(I)[ 

are easier and faster to calculate by computer than the factors when IW = 0.    The 

resulting integration has good numerical stability and gives fairly accurate 

answers. 

U 
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26,    If the parameter IW = 0, then a more exact Integrating scheme Is used. 

The weights |^(I)| are still elements of area on the surface of the unit sphere, 

and they still consist of equal Intervals of longitude.    But the Intervals of 

colatltude  (dotted lines In Figure 7)  ore varied to make certain surface Integrals 

exact If the Integrand consists of a finite number of spherical harmonic terms. 

The highest degree term that can be contained In the Integrand (or highest degree 

magnet that can be represent by the data F(I,J)) and still be exact depends on the 

parameters NO and Nl.    The relationship of NO and Nl to the degree n and order m of 

the coefficients A   and B   are n n 

NO s m + 1 

Nl 2 4ii + 1. 
(11) 

Since m ^ n, as seer. In Eqs. (5) and (7), the coefficients for a raultipole magnet 

of degree n can be approximated accurately only If 

NO i n + 1 

Nl ?. 4n + 1. 
(12) 

This means that the dipole terms  (n = l) require that NO s 2 and Nl s 5.    The 

following table shows values for several raultipole magnets. 

TABLE 1   EXAMPLES OF MINIMUM VALUES OF NO AND Nl 

n NO. Nl^          | 

|                      1 (dipole) 2 5         i 
2 (quadrupole) 3 9 

3 U 13 

4 5 
17         1 

|                     5 6 21 

1                     6 7 25           1 
7 8 29          1 

i                     8 9 33         1 

27.    It should be noted here that setting NO, Nl = 2,  5 will not generally give 

the dipole term very accurately unless the higher degree terms are all zero.    For 

example, consider a problem which has only dipole and quadrupole terms, and assume 

15 
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that only the dipole coefficients are to be computed. Then NO, Nl ;• 3, 9 is 

required to insure the accuracy of the dipole computationB. In general a problem 

contains an infinite n.aaber of terms. The only cases when the expansion in Eq, (7) 

contains a finite number of terms are when there are only a pure dipole (of 

insignificant length), a quadrupole, and/or, a finite number of other multipole 

magnets which are centered at the origin. An offset dipole or a dipole of 

considerable length (or any offset multipole magnet of degree n) requires an 

infinite number of terms for representation by Eq. (7). In general, it is best to 

select 110 and Mi as large as possible with 

NO = (Nl - l)/2. (13) 

28. For IW = 0, the weights Y(l) are composed of two factors D(I) and C, i.e., 

Y(I) - D(I)-C (U) 

for I = l^i'^jNl and J = 1,2,•••,NÜ (see reference (a)).    The constant C 

represents the equally spaced intervals of longitude with value 

C = n/NO. (15) 

The factors D(l)  are determined by solving a set of simultaneous linear equations. 

The equations can be set up in a number of ways since the factors are symmetric 

with respect to the values of colatitude of 9 = 11/2 and 9 = rr.    The method used in 

SA3024. is tj set up and solve the equations for factors representing the intervals 

between 9 = 0 and rr/2, and then to use symmetry to determine the other weights. 

This procedure involves two different cases based on the odd integer Nl.    Figure 8 

shows the intervals of colatitude for two examples;  one when (Nl + 1)  is a multiple 

of 4- and one when it is not.    The examples give rise to two different sets of 

equations for the factors D(l)  as follows: 

a.    Equations when (Nl + l)  is a multiple of A 

Let 

9(1) = 2n(l - 1)/(N1 - 1) (3a) 

N3 5 largest integer s     (Nl + 3)A (16) 

16 
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N3 

E  D(J) = 1 (17a) 
J=l 

t, (coso(J))(21 ' 2)-D(J) = 1/(21 - 1) (17b) 
J=l 

D[iNl + 3)/2 - J] ^ D(J) (17c) 

D(N1 + 1 - J) = D(J) a7d) 

for J = 1,2,"*,(N1 - l)/2 

D[(N1 + l)/2] = 2D(1) (17e) 

b.    Equations when (Nl + l) is not a multiple of A 

Let 6(1)  and N3 be defined as in Eqs.   (3a)  and (16).    Then 

J]  2D(J) + D(N3 + 1) = 2 (18a) 
J=l 

E (cos 9(J))(21 " 2).D(J) = 1/(21 - 1) (18b) 
J=l 

for I = 2,3,,,,,N3 + 1. Equations (17c), (17d), and (17e) remain unchanged. 

29. In Eqs. (17a) and (17b) the I and J "subscripts" can be considered to 

designate the row and column for the coefficient matrix for N3 simultaneous linear 

equations in N3 unknowns. This also follows in Eqs. (18a) and (18b) except for an 

(N3 + 1) x (N3 + l) system of linear equations. The system of equations for two 

examples are given below. 

30. Let Nl = 7. Then (Nl + l) = 8 is a multiple of 4, and 

N3 = 2 ^ (7 + 3)A = 2.5 

17 
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9(1),9(2) = 0, 60° 

cos(60) = 1/2. 

Therefore Eqs. (17a) and (17b) Imply that 

D(l) -r D(2) = 1 

D(l) + D(2)A = 1/3. 

These equations are satisfied by 

D(l) = 1/9, D(2) = 8/9. 

The remaining equations,  (16c),  (I6d), and (l6e), imply that 

D(l),  D(2),  •••, D(7) = 1/9, 8/9, 8/9, 2/9, 8/9, 8/9, l/9. 

31. Next, let Ml = 9. Than (Nl + 1) = 10 is not a multiple of 4, and 

N3 = 3 & (9 + 3)A -• 3.0 

e(l),9(2),e(3) = 0, ^5°, 90° 

cos(45°) = 1//2. 

Therefore, Eqs. (18a) and (18b) imply that 

2D(1) + 2D(2) + D(3) = 2 

D(l) + D(2)/2 = 1/3 

D(l) + D(2)A = 1/5- 

The solution to these equations is 

D(l), 0(2), D(3) = 1/15, 8/15, 4/5. 

The remaining equations, (17c), (17d), and (17e), imply that 

D(l), D(2), •••, D(9) = 1/15, 3/15, 4/5, 8/15, 2/15, 8/15, 4/5, 8/15, 1/15. 

32. Reference (a) gives a more theoretical approach to the methods of 

integration and describes another method for determining the factors D(l) using a 

polynomial approach. This method was compared with the direct inversion of the 

Eqs. (16) and (17). The results indicated that the direct inversion method was 

more stable numerically and took less computer time. 

18 
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Units 

33.    All the programs use a mixed system of units.    In general, the magnetic 

units are In the cgs system, e.g., the magnetic field Intensity H (f(e,cp) In Eq. (5)) 

is in gammas  (10 oersted with a permeability of one).    The units for a raultlpole 

moment of degree n is pole-centimeter , e.g., monopole moment is in poles, dipole 

moment is in pole-centimetert (cm), quadrupole moment is in pole-cm ,    The unit 
2 

pole is equivalent to gauss-cm .    The unit of length is inches.    This is used for 

the measurement radius Rl and the multipole position vectors P (for programs 

SA4024 and SkSOZ/*).    The unit of gammas is used for the data array F(I,J)  and for 

the error parameters EG and ED (for programs SM.024 and SA502A).    Any parameters 

that represent angles or angular errors are in degrees. 

Sample ProblbiUS 

34-.    Appendix F contains the input and output data for SA3024 using the same 

measurement data as in SA202A (Figures 5 and 6).    The file BN302^, used in the 

execution, is the binary version of SA3024.    Only the first 16 binary records 

(subprograms)  are used when executing via INTERCOM.    As before, the example was 

executed in two different ways on the INTERCOM System,    The problem was also 

submitted to BATCH processing via INTERCOM to demonstrate a method of using the 

plotting option of the program.    One of the two identical plots that resulted from 

the BATCH processing is included in Figure 9.    Although the example In Section II 

of Appendix F was set up to use the GOULD electrostatic plotter,  the data was later 

plotted on the CALCOMP to simplify reproduction problems. 

35.    Several characteristics of the analysis can be observed by comparing 

Appendices D and F and Figures 6 and 9.    The first characteristic is the data 

processing.    This involves the conversion of the data units and the adjustment of 

the curves so that all the curves begin and end as near as possible to the 

beginning and ending of the first curve.    The curve adjustment can be observed by 

comparing the print out of the data tape on page D-l and the data printed on 

page D-2.    The first points of curves 1 and 2 on the data tape are -504.,3 and 

-902,8.    After the data processing these points are -504,3 and -502,8,    Another 

data adjustment in SA3024. has to do with the monopole moment.    Since the monopole 

moment should be zero if the d^.ta has absolute accuracy,  then the data is adjusted 

to produce this condition.    The procedure involves the computation of the monopole 

moment,  and then,  the subtraction of the magnetic field of the monopole component 
from the data.    A comparison of the data printed on page D-2 and on pages F-2 and 
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F-3 show a difference of about 24 gammas. This appears as the monopole moment of 

1^,3"'  printed on page F-2, The data plotted In Figure 9 represents the data that 

would have been measured if absolute accuracy was attainable. 

36. An example of the method of printing out the spherical harmonic 

coefficients is shown on page F-'. For each nth degree harmonic term, the 

coefficients A for m = 0,1,•••,ri are printed on the first line, and the 

coefficients B^ for m = 1,2, •••,n are printed on the second line. It should be 

noted that in the definitions related to Eqs. (5) and (6), the coefficients A and 

B are coefficients for the Schmidt polynomials and not for the associated 

Legendre polynomials. The relationship is discussed In more detail in Appendix K. 

PROGRAM SU.02A 

Introduction 

37. The program 3.^,024,, listed in Appendix G, waj devised to assist in the 

conduct of error studies relating to the analysis of satellite magnetism. The 

program is set up to generate data simulating measurements around a specified 

system of multlpole magnets representing the satellite. Simulated errors can be 

Inserted Into the generated data to represent position and instrumentation errors. 

The generated data is written on a data file (DAT024) in the same format as the one 

used in the data acquisition procedures with the punched paper tape. The data file 

is generated in a form that can be used with programs SA2024- and SA3024. The 

program SA4024, also contains the plotting option. 

38. Special subprograms used in the program perform such tasks as: 

a. The computation of the magnetic field vector at a remote location 

from a multipole magnet 

b. The generation of values of associated Legendre polynomials and 

Schmidt functions 

c. The interpolation and plotting of the magnetic data. 

Input Data 

39. The input data for SA4.024. varies considerably from the preceding programs 

since it includes specifications for multlpole magnets and data errors. The data 

is entered in the following order: 
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a. First line of data or data card - format;  Ul5) 

NO - The number of curves of data (NO is even and ^ 16.) 

Nl - The number of equally spaced data points per curve from 0 thru 360 

degrees colatitude (Nl is odd and s 33. The first and last data 

points for each curve correspond to measurements at 0 degrees 

colatitude.) 

NH - The total number of different harmonics (degrees) of multipole 

magnets to be considered 

IP - The parameter that determines whether or not the data is to be 

interpolated and plotted (IP ^ 0 means that the data will be 

interpolated and plotted.) 

b. Second line of data or data card - format;  (^F8.4) 

Rl - The radius of the measurement sphere in inches 

EG - The error (in gamma) to be randomly inserted into the data to 

represent instrumentation inaccuracies 

EA - The angular error (in degrees) to be randomly inserted into the 

data to represent measurement position errors 

ED - The constant error (in gammas) to be inserted into the data to 

represent offset in the instrumentation. (This will be analyzed 

as monopole moment.) 

PY - The scale factor (gammas/inch) for the y-axis if the data is to 

be plotted.  (If PY = 0.0 a factor will be computed from the 

data.) 
.- 
1 

c. Third line of data or data card - format;  (7A10) 

F9 - The format for reading and printing the spherical coefficients 

A(I) and B(l), e.g., (1H ,7E10.A) 

All of the following data Is repeated "NH" times: 

21 
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d. Next line of data or data card - format; (215) 

NIJ - The harmonic number (degree) of the multipole data being read In 

(NN = 1 for dipoles, 2 for quadrupole, etc.) 

NM - The number of raultipoles with harmonic number NN 

The following data ia repeated "NM" times: 

e. Next lines of data or data cards - format; (3F8.A) 

P - The position vector (in Inches) of the multipole in rectilinear 

coordinates (Pv, Pv, P,,) 

f. Next lines of data or data cards - format; F9 

A(I) - The spherical coefficients A ~  for the multipole of degree 

NN where I = 1,2,»",NN + 1 (The order of the m coefficient 

is I - 1.) 

g. Next lines of data or data cards - format; F9 

B(I) - The spherical coefficients B^-. for the multipole of degree NN 

where I = 1,2,#,,,NN (The order of the Ith coefficient is I.). 

(The relationships between spherical and rectilinear coefficients for dipoles and 

quadrupoles are given in Eqs. (9) and (10).) 

Output Data 

40. The program computes data representing measurements of the specified 

system of multipole magnets. There are NO curves of data computed, each containing 

Nl data points. The computations are made by using Eq, (7). For instance assume 

that the system has NM multipoles of degree N and that f . (9fcp) represents (as in 

Eq. (7)) the normal component of the magnetic field from the jth multipole of 

degree N. Then the total magnetic field fn(6,cp) for all multipoles of degree N is 

NM 

fn(e,cp) = JC tn^'tf (1^ 
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If NH la the total number of different degrees for the ays tern of nmltipolea then 

the normal component of the magnetic field for the total system is 

NH 
f(e,tp) = S f (e,«p). (20) 

N=l    n 

The program aeta up the data array F(I,J) in thia manner.  (F(I,J) ia defined in 

Eq. (2).) The data array ia then written onto the data file DATÖ24. The file can 

then be used with either program SA2024. or program SA3024.. A data tape can also 

be made of thia file by Hating the file under SYSTEK/BASIC with the tape punch 

unit on. 

Sample Problems 

^1. SA4024. was used to compute the data for several examples. These are 

listed in Appendix H and in Figures 10 through 24. BH02A.  is the binary version of 

SA4024.. When executing the program via INTERCOM only the first nine binary records 

are used. The first section in Appendix H presents the input and output data for 

the sample problem illustrated in Figure 5. The instrumentation inaccuracy was 

assumed to be +1.0 gamma by setting EG = 1.0. The positions for the measurements 

of the data were considered to have inaccuracies of +0.2 degreas (EA = 0.2). The 

set of data curves were assumed to be offset by 25.0 gammas (ED = 25.0). The data 

curves representing the simulated measurements are listed on page H-3. Section II 

of Appendix H contains the data file DAT024, that was generated with this data in a 

format like the data tape. In Section III of Appendix H the sample problem and 

several other problems were subnitted to BATCH. The resulting data was also 

plotted. The data in Figure 10 for the sample problem is nearly identical to the 

data in Figure 9. The remaining examples in section III represent the individual 

and combined data for the first eight spherical harmonics (n = 1,2, ,8) of the 

sample problem. These will be discussed In more detail in later paragraphs. 

4.2. SA4024 was also used to show data curves for individual components of 

dlpole and quadrupole moments. These are included in Figures 11 through 24. A 

small diagram is also included on each figure to Illustrate the particular 

component that is represented by the curves. Curves are shown for components in 

both spherical and rectilinear coordinates according to Eqs. (9) and (10). 
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PROGRAM SASOZA 

Introduction 

^3. The program SA502^, listed in Appendix I, was devised to simplify the 

error studies. It performs functions similiar to both programs SA3024. and SA4024, 

i.e., SA5024 ia both a data generation and a data analysis program. A system of 

multipole magnets is specified in the input data to represent the satellite as in 

SA^024,. Since the data is analyzed as it is generated it is not written onto a 

data file as in 3^024.. Howtver, the program does include the plotting option when 

executing in the BATCH mode. Also, the integration option discussed in paragraphs 

25 through 32 is included. The primary subprograms in SA5024. perform most of the 

functions already described in the sections on SA3024- and SA4.02/+. 

Input Data 

44. The input data for SA5024 resembles the input data for the program SA4024. 

since it consists mostly of specifications for multipole magnets and data errors. 

The data is er.^ored in the following order: 

a. First line of data or data card - format;  (715) 

NO - The number of curves of data (NO is even and ^ 16.) 

Nl - The number of equally spaced data points per curve from 

0 through 360 degrees colatitude (Nl is odd and £ 33. The first 

and last data points for each curve correspond to measurements 

at 0 degrees colatitude.) 

NHL - The total number of different harmonics (degrees) of multipole 

magnets to be considered 

NH2 - The harmonic number (degree) representing the highest degree 

spherical harmonic term to be computed from the data (NH2 = 1 

for dipoles, 2 for quadrupoles, etc.) 

IP1 - The parameter that determines whether or not the data is to be 

interpolated and plotted (IP1 ^ 0 means that the data will be 

interpolated and plotted.) 
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IP2 - The parameter that determines whether or not the magnetic data 

is to be printed (IP2 j^ 0 means that the data will be printed.) 

IW - The parameter that determines which integrating scheme is to be 

used (IW = 0 means that the exact, algebraic scheme is to be 

used.) 

b. Second line of data or data card - format;  (5F8.A) 

Rl - The radius of the measurement sphere in inches 

EG - The error (in gammas) to be randomly inserted into the data to 

represent instrumentation inaccuracies 

EA - The angular error (in degrees) to be randomly inserted into the 

data to represent measurement position errors 

ED - The constant error (in gammas) to be inserted into the data to 

represent offset in the instrumentation (this will be analyzed as 

mo.iopole moment) 

PY - The scale factor (gammas/inch) for the y-axis if the data is to 

be plotted (if PY = 0.0 a factor will be computed from the data.) 

c. Third line of data or data card - format;  (7A10) 

F9 - The format for reading and printing the spherical coefficients 

A(I) and B(I), e.g., (1H ,7E10.4) 

All of the following data is repeated "NH" times: 

d. Next line of data or data card - format;     (215) 

NN - The harmonic number (degree)  of the multipolc   data being read in 

(NM = 1 for dipoles,  2 for quadrupole,  etc.) 

NM - The number of multipoles with harmonic number NN 

The following data is repeated "NM"  times; 
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e. Next lines of data or data cards - formnt;    (3F8.^) 

F - The position vector  (in inches)  of the multipole in rectilinear 

coordinates (F , P , P ) 
x'    y'    z 

f. Next lines of data or data cards - format;    F9 

A(I)  - The spherical coefficionts LZ   for the multipole of degree NN 

where I = 1,2,•••,NN + 1 (The order of the Ith coefficient is 

I - 1.) 

g. Next lines of data or data cards - format; F9 

B(I) - The spherical coefficients B^-. for the multipole of degree NN 

where I = 1,2, •••,NN.  (The order of the Ith coefficient is 

1.). 

(The relationships between spherical and rectilinear coefficients for dipoles and 

quadrupoles are given in Eqs.   (9)  and (10).) 

Output Data 

45. Initially, the program SA5024. computes the simulated measurement data as 

in Eqs. ^19) and (20). Next, the spherical harmonic coefficients are computed 

according to Eq. (6). The program also computes the exact dipole moment from the 

multipole specifications. This value is compared with the dipole moment computed 

from the simulated measurement data. The percent error is printed as part of the 

output data. 

Sample Problems 

4.6, Appendix J contains the input and output data for- several problems using 

SA5024.    As in the other programs the binary version of CA5024. is the file BN5024.. 

When executing the program via INTERCOM,  only the first 15 binary records are used. 

In the first section of Appendix .1 an analysis was conducted of the sample problem 

illustrated in Figure 5.    The parameters EG, EA,  and ED were all set to zero 

(page J-l)  so that no simulated errors were inserted into the data, 

4.7, Figure 25 shows eight curves of the computed data for the three dipoles in 

the sample problem. Actually, 16 curves, each containing 33 data points, were used 

in the computations  (based on Eq.   (12)  and Table l).    These values for the 
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parameters NO and Nl allowed the computation of the spherical harmonic coefficients 

for the first eight multipole components. The program SA4024 was used to compute 

eight data curves for each multipolo component to demonstrate the type of curves 

representing each component. These are presented in Figures 26 through 33. These 

were also combined and plotted by SA4Ü24. Figure 34 displays the combined data. 

The first data curve (xa-plane) was chosen to further demonstrate the characteristics 

of spherical harmonic approximation. Figure 35 contains four curves. The first 

curve is the original data from the sample problem. Curve 2 represents the dipole 

component. Curve 3 represents the combination of dipole and quadrupole components. 

Curve 4 represents the combination of the first eight multipole components. The 

convergence of the series in Eq, (7) Is not obvious from the coefficients computed 

in Section I of Appendix .1. Table 2 summarizes the peak coefficients and the data 

peaks for each degree n. Although the magnitude of the peak coefficient increases 

with Increasing n, the data peak (magnetic field at 96 inches) decreases. In fact, 

the first eight multipole components account for about 97 or 98 percent of the 

original data curves. This indicates that higher degree components are relatively 

insignificant. 

TABLE 2 

PEAK DATA FOR THE MULTIPOLE COMPONENTS OF THE SAMPLE PROBLEM 

| Degree n 
O^n^n 

Data Peak (for 8 curves) 

1 

1    2 
1    3 

4 

i   5 

i    6 

i   7 

!    8 

10^ 

-.9472X107 

.2341X1010 

.1545X1012 

-. 2812X10^ 

+.4533X1016 

+.3541X101S 

20 
-.4517X10^ 

13.79        1 

803.79        | 

839.34       | 

367.51        | 

211.03         | 

189.44        1 

57.51        | 

35.47        ] 

j               Original 

Sum of Components 

1817.94        | 

1786.61        j 

48. Section II of Appendix J demonstrates the procedure for submitting the 

program SA5024 for BATCH execution. The data specifies two problems consisting of 

27 



'I  "I "" - '    ■      — 

NOLTR 73-191 

offset dipoles.    In the first problem the dlpole is aligned parallel to the x-axls 

and offset along the x-axls.    The resultant curves are presented In Figure 36. 

The second problem Is a dlpole aligned parallel to the y-axls and offset along the 

x-axls.    These curves are presented In Figure 37.    A small diagram Is Included In 

each figure to demonstrate the geometric configuration. 

49.    A small error study was made to demonstrate the relationship between the 

accuracy of the dlpole analysis; the parameters NO, Nl, and Rlj and the measurement 

errors (represented by EG and EA).    The sample problem In Figure 5 was again 
3 selected.    This example has a resultant dlpole moment of 1000 gauss-cm ,  but the 

magnetic field from this dlpole component Is embedded In the large field from 

quadrupole and higher terms.    Curve 2 In Figure 35 demonstrates this condition. 

Also Table 2 shows that the peak of the dlpole curves Is only 13.79 gammas out of a 

total of 1817.94. gammas for the total system.    Table 3 contains a summary of the 

study.    Several different values of NO, Nl,  IW, Rl, EG and EA were used.    The 

Indications are that Increasing Rl doesn't help much If EA and EG are too large. 

Also, there Isn't much Improvement In the accuracy of the computations when using 

the exact Integration scheme (I.e., when setting IW = 0),    Probably the most 

significant observation Is that the parameter EA, representing position errors, has 

a much greater effect on the analysis accuracy than the parameter EG, representing 

Instrumentation errors. 
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Chapter U 

PRINCIPAL SUBPROGRAMS 

INTRODUCTION 

50, The programs described in the preceding sections were constructed to 

utilize several algorithms which were incorporated into functions and subroutines, 

These include algorithms for computing the spherical harmonic coefficients, 

computing the vector magnetic field emanating from a multipole magnet, computing 

the associated Legendre Polynomials, computing the Schmidt polynomials, and 

interpolating and plotting data curves.    The subprograms have been code in a 

manner which makes them uaoful as building blocks for other programs.    They are 

discussed separately in the following paragraphs. 

SUBROUTINE AMPMNT 

51. The subroutine AMPMNT is used to compute the spherical coefficients A 

and ET for the data array F(I,J).    The computation is based on Eq.   (6).    The 

subroutine is constructed to compute the coefficients for only one degree at a 

time.    The calling sequence is 

CALL AMPMNT  (NO,  Nl,  N,  Rl,  F,  P,  A,  B) 

where the arguments are defined as follows: 

a. Input 

NO - The number of curves of data 

Nl - The number of equally spaced data points per curve from 

0 through 360 degrees colatitude 

N - The degree of the spherical harmonic coefficients to be computed 

Rl - The radius of the measurement sphere in inches 
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F(IJ)  - The measured data for IJ = I + (J - 1)'N1, I = l^,"-,^, and 

J = 1,2,,,#,N0 (The data is stored in a one-dimenalonal array- 

to conserve storage, i.e., equating the one-dimensional array 

to the two-dimensional array in Eq,  (6) gives F(IJ) ■ F(I,J).) 

P(I) - The first "(Nl + l)/2" weighting factors Y(I) in Eq.  (6), i.e., 
P(I) = Y{I) for I = 1,2,'",(N1 + l)/2. 

b.    Output 

'   A(M +1) - The spherical coefficients A111 for M = 0,1,2,"',N (see 

Eq.  (8)) 

B(M) - The spherical coefficients Bm for M = l,2t3t"',n (see Eq.   (8)). 

52. There are several other subroutines that are used to support AMPMNT in 

addition to the standard FORTRAN IV machine routines.    AMPMNT internally calls a 

subroutine labeled POLVAL which in turn uses functions labeled SPNM, PNM, and ANF. 

These routines are used to compute the appropriate values for the Schmidt 

polynomials Pm(cos(e(l))) in Eq.  (6).    Also, the weights P(l) are set up externally 

by special subroutines before being input to the AMPMNT subroutine.    This process 

requires the use of subroutines labeled WGT1, WGT2, WGT3, and GAUSEL.    Listings of 

all of these subroutines are Included in Appendix I. 

SUBROUTINE AMPFLD 

53. The subroutine AMPFLD is used to compute the magnetic field at the point 

R from a multlpole magnet of degree n centered at the point P.   The magnet is 

specified In terms of the spherical harmonic coefficients A111 and B .    The calling 

sequence is 

CALL AMPFLD (R, P,  N,   A,  B, F) 

where the arguments are defined as follows: 

a.    Input 

R(I) - The rectilinear coordinates (in inches) of the point at which 

the field is to be computed (R(l) = x-coor,, R(2) = y-coor., 

and R(3) = z-coor.) 
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P(I) - The rectilinear coordinates (In Inches) of the center position 

of the multipola magnet (P(l) = x-coor., P(2) = y-coor., and 

P(3) - z-coor.) 

N - The harmonic degree of the multlpole magnet 

A(M + 1) - The spherical coefficients AJJ for M = 0,1,2,*'^N (see 

Eq. (8)) 

m 
B(M) - The spherical coeficients Bn for M = 1,2,*«',N (see Eq. (8)) 

b. Output 

F(I)  - The total magnetic field in rectilinear coordinates (H   = F(l), 

Hy = F(2), and Hz = F(3)). 

54.    The subroutine computes ths total magnetic field vector for a single 

multlpole magnet.    The computations are based on relationships that are slmlliar to 

Eq.  (7) except that only a single multlpole magnetic (N is fixed) is considered. 

Also, the subroutine gives all three rectilinear components of the magnetic field 

instead of Just the radial component.    The relationships are presented below using 

terminology that can be found in references  (b) and (c).   Let R, be defined as the 

vector from the magnet to the point R, i.e., 

^ = R - P (21) 

where R and P are as defined above. Next, let 

^ = (R1, <p, 9) (22) 

be the representation of R, in spherical coordinates where R, is the vector length, 

9 is the colatltude,  and cp is the longitude relative to a system of coordinates 

centered at the multlpole position.    Now, define an orthonormal set of vectors 

r, e, and <p in spherical coordinates as 

r = cos 9 sin 9 1 + sin 9 sin 9 j + cos 9 k (23a) 

9 = cos <p cos 9 1 + sin cp cos 9 j - sin 9 k (23b) 

9 = -sin cp 1 + cos cp j (23c) 
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where I, J, end k represent the orthonorraal set of vectors along the x, y, and 
z-axis, respectively (see Figure 1).    It can be seen that 

r = h^, {2A) 

Then, the total field vector H (R) for the nth degree raultipole is given as 

V5) = Hnr(S)? + Hne(5)? + %(^ (25) 

where 

Hnr(R) « [(n + D/Kf + 21 E   (Aj COS inp + B^ sin inp)P^(cos 9} (26a) 

Hne(R) H (1^ +2)   t  (A^ cos mcp + B^ston^C^ P^ + ^cos e) 
(26b) 

-m cos 9 P (cos e)/sin e] 

n 
H   (R) = (l/R,11 + 2)   I) m(A™ sin mp - B^ cos iap)P"J(cos e)/sin 9. (26c) 

n<p ■L ni=0       n n 

The coefficient Cm, in Eq.  (26b), has the value n 

Cm = [ui - m) (n + m + 1)]^ for (a > 0) 

= [n(n + l)/2y for (m = 0). 

Also, the terms which have sin 9 as a divisor are computed using the following 
identities: 

2inPn m(cos e)/sin 9 =  (n - m + 1) (n - m + 2)PIvfl)m_1(co8 9) + Pn+1 ^cos 9) 

for (m > 0) (27) 

= 0 for (m = 0) 

*-^)={2{^jfp     (cose)for(m>0) 
(28) 

= P^ n(cos 9)  for (m = 0). 
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The function P      (cos 9)  represents the associated Legendre polynomial of degree n 

and order m.    P^(cos 9) represents the Schmidt polynomial of degree n and order m. 

These polynomials are discussed in more detail in Appendix K.    The radial component 

^n(9»9) of the niagnetic field at the point R is computed from the total field 

Hn(R) as 

fn(cp,e) =    Hn(R)  •  E/{B. ' R)*. (29) 

55. The subroutine AMPFLD uses several external subprograms including SPNM, 

PNM, ANF, SPCOOR, and SUM.    These are listed in Appendix I.    The subprograms SPNM, 

PNM| and ANF are used to compute the Schmidt and associated Legendre polynomials. 

The subroutines SPCOOR and SUM are used in mathematical operations with vectors. 

SPCOOR transforms a vector from rectilinear to spherical coordinates.    SUM 

multiplies vectors and scalara, and then, adds the products. 

FUNCTIONS PNM.  SPNM.   AND ANF 

56. The function subprograms PNM, SPNM, and ANF are used in the generation of 

values for spherical polynomials.    PNM computes the value of the associated 

Legendre polynomial P      (x)  of degree n and order m at the point x for |x| s 1. 

l,If m = 0 the subprogram computes the value of the regular Legendre polynomial.) 

SPNM converts this value into the Schmidt function P  (x).    ANF simply computes the 

factorial value for the integer N.    Let y represent a variable used in a computer 

prograi   .;hich is to be set equal to a polynomial value.    Then the calling sequence 

for the subprograms is defined as follows: 

y = Pn(x)  is written as Y = PNM(N,0,X) for N s 0 and [x] s 1 

y = P      (x)  is written as Y = PNM(N,M,X)  for N ;> 0, M :> 0, and |x|  si 

y = Pm(x)  is written as Y = SPNM(N,M,X)  for N ^ 0, M 2 0, and |x|  ^ 1. 

The factorial subprogram is used as follows: 

y = n!  is written as Y = ANF(N)  for N 2 0. 

The development and use of theje subprograms was reported in more detail in an 

internal technical note.    This is included in Appendix K. 
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SUBROUTINE DAT^T 

57. The subroutine DATPLT is used to interpolate and plot the curves of data, 

It is written to make use of either the GOULD electrostatic plotter or the CALCOMP 

570 pen plotter.    Most of the data curves in the enclosed figures were plotted on 

the CAPCOMP plotter.    Figure 38 shows a set of data curves plotted on the GOULD 

plotter.    These correspond to the curves in Figure 6.    The routine seta up x and 

y-coordinate arrays for the magnetic field data F(IJ).    A plotting symbol (the 

curve number) is used to mark each data point along the data curves.    The data is 

plotted as magnetic field versus the single of colatitude as shown in Figure 6.    The 

calling sequence is 

CALL DATPLT (NO, Nl, F, YDIST) 

where the argument list is defined of follows: 

NO - The number of curves of data 

Nl - The number of data points per curve 

F(IJ)  - The array of data curves for IJ = J + (I - l^Nlj 

J = 1,2,*",N1}  and I = 1,2,'",N0 

YDIST - The value in gamma to be used for one inch of the y-axis (If 

YDIST = 0.0 the subroutine PKY is used to determine a suitable 

scale for the y-axis.). 

58. The subroutine uses the external subprograms CALCM1,  FNCTON, and PKY for 

execution.    CALCM1 is contained in special plotting packages of subprograms that is 

in the NCL subroutine library.    There are two separate packages that can be loaded 

when using the subroutines DATPLT and CALCML.    The package labeled G0ULD1 is loaded 

when plotting with the GOULD electrostatic plotter.    The package labeled CALCM1 is 

loaded when plotting with the CALCOMP plotter.    Also a tape (TAPE99) must be loaded 

with the CALCM1 package.    The subprograms FNCTON and PKY are listed in Appendix I. 

FNCTON computes the Fourier coefficients for each curve of data.    These are used to 

increase the point density of the data to be plotted to one point for every five 

degrees of colatitude.    This turns out to be 12 points per inch on the graphs or a 

total of 73 points per curve.    The subprogram PKY is used to determine a suitable 

scale for the y-axis if YDIST is zero. 
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SUBROUTINE FNCTON 

59. The subroutine FNCTON is used to perform a Fourier analysis on a single- 

dimensioned array of data that represents the values along a curve at equally 

spaced intervals.    The program is used primarily for interpolating data.    The 

calling sequence is 

CALL FNCTON (F, N, C,  CO, PHI,  N2,  DEV) 

where the argument list is defined as follows: 

a. Input 

F(I) - The data array representing the values of the curve at N 

equally space values 9(1) = 2n(l - 1)/N for I = 1,2,'"»N 

N - The number of data points 

b. Output 

C(I) - The array of Fourier amplitudeo for I = 1,2,•♦•,N2 

CO - The zero degree Fourier amplitude 

PHI(I)  - The array of Fourier phase angles for I = 1,2,•••,N2 

N2 - The number of terms in the approximating Fourier series 

DEV - The maximum difference between the data points and the curve 

defined by the Fourier series. 

60. The coefficients are obtained by the following equations: 

N 
Cn =  (1/N)   V  F(I) (30) 

1=1 

N 
SI. -   (2/N)   52 F(I)  •  sin [2nj(l - 1)/N] (31a) 

J 1=1 

N 
Cl, -   (2/N)   £ F(I)   '  cos [2nj(l - 1)/N] (31b) 

j 1=1 
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Cj H  (SlJ + ci*)* for j j^ N/2 

B   (SlJ + Cl^/2 for j = N/2 
(32) 

PHI   = taiT^Cl/Sl) (33) 

for j = l,2,'",N/2 + 1. 

61.    This results in the approximation 

N2 
* C0 +  2  Cj sin C2"^1 - 1)/N+ PHIj] for]: = 1,2, •••N. 

Any other set of N' equally spaced values which begin at 8(1) = 0 can be computed 

by substituting N» in place of N in Eq.   (34).    DATPLT uses the value of 72 for N». 
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Chapter 5 

CONCLUSIONS 

62. The computer progriuns presented in this report are part of a major effort 

at NOL to develop and improve magnetic test procedures on spacecraft.    The effort 

involves the development and evaluation of both data acquisition and data analysis 

procedures.    The Spherical Field Coil Facility at NOL is being Instrumented to 

handle both the acquisition and analysis of the test data.    The proposed 

specifications for the Instrumentation were presented i    reference (d).    More 

detailed specifications for the data acquisition and amilysis system were forwarded 

to NRL as ari enclosure to reference  (e).    The facility is scheduled to be 

operational by the beginning of fiscal year '75.    A technical report describing 

the facility should be published shortly thereafter. 

63. There are other analysis projects to be completed.     One is the compilation 

and publication of a reference manual containing the mathematical equations for 

dipole and quadrupole computations.    This will simplify slide-rule calculations 

which are made during testing.    Another project involves the conduct of a more 

elaborate error analysis using the computer programs described above.    This will be 

necessary to evaluate  the minimum detectable dipole moment -under several different 

conditions. 

64. It should be noted here that there are several  other methods for 

estimating the dipole moment of spacecraft.    The most effective method to use in 

any particular case depends on a number of things Including  the size of the 

spacecraft,  the availability of a gimballing system,   the desired accuracy of the 

compensation,  the complexity and permanence of the spacecraft's magnetism, etc. 

The procedure based on the spherical harmonic analysis of the spacecx-aft's magnetian 

has proven to be both fast and accurate for MM satellites.    Many of the tests have 

been completed in less than four hours and with an accuracy which allows dipole 
3 moment compensation of all but about 100 out of 6000 gauss-cm . 

39 



|N«MI>«IPI|>WW««I«>MPII 

N0L7R 73-191 

x = Rsingcos^ 
y = R sinßsin^ 
z = R cos© 

6=*an'
][(*2+y2)V2/z] 

4> = tan    (x/y) 

FIG. 1   ILLUSTRATION OF SPHERICAL POLAR COORDINATES 
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CURVE 2 

FIG. 3   SPHERE OF MEASUREMENTS 

A2 



m     i i  ■"■ '■ 
* 1—'■■ 

NOLTR 73-191 

ROTATION 
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CURVE 1 
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♦Y 

4^I80/N0)* 

♦V 

(/SO/MO)* 

Notes; 

1. The dlagraim? are viewed from the sensor position« 
2. The turntabl« rotation Is clockwise. 
3. Each curve begins with +z-axls directed at the sensor, 

FIG. U   SATELLITE INITIAL POSITIONS FOR MD 
(Viewed from sensor position) 
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DIAGRAM OF DIPOLES 

DIPOLE 2 

DIPOLE 3 DIPOLE 1 DIPOLES 2 & 3 DIPOLE 1 

PARAMETRIC VALUES 

PARAMETER COMP. 
DIPOLE                                     ] 

1 2 3             | 

POSITION 
VECTOR 

X 

Y 

Z 

39.000 

0.000 

0.000 

-21.000 

36.373 

0.000 

-21.000 

-36.373 

0.000 

DIPOLE 
MOMENT 

Dx (A(2) ) 

Dy W)) 

Dz (A(l)) 

31,000. 

0. 

0. 

-15,000. 

25,980. 

0. 

-15,000.      | 

-25,980.      | 

0. 

FIG. 5    ILLUSTRATION OF SAMPLE PROBLEM 
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FIG. 6   TYPICAL DATA CURVES 
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INTERVAL OF 
LONGITUDE 

GREAT CIRCLE OF 
DATA POINTS 

INTERVAL OF 
COLATITUDE 

DATA POINTS 

COMMON BOUNDARIES 
FOR BOTH IW / O 
AND IW = 0. 

NQIL THE 
DASHED LINES 
ARE EQUALLY 
SPACED BETWEEN 
DATA POINTS 
IN BOTH 
COLATITUDE 
AND LONGITUDE. 

BOUNDARY OF SURFACE 
AREA ELEMENTS 
FORIW/O. [AREA=X(I)] 

BOUNDARY OF SURFACE 
AREA ELEMENTS 
FORIW = 0. [AREA = Y(I)] 

FIG. 7  EXAMPLE OF SURFACE AREA ELEMENTS ASSIGNED TO DATA POINT 
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FIG. 8 EXAMPLES OF INTERVALS OF COLATITUDE 
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) 

3.600 

FIG. 9    DATA CURVES FROM SA3024 FOR SAMPLE PROBLEM 
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-.000 .600 1.20Ü 1.800 2.400 3.000 
COLflTITUDE   (DEGREES) 

3.600 

FIG.  10 DATA CURVES FROM SA4024 FOR SAMPLE PROBLEM 
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FIG. 11   DIPOLE CURVES FOR A° = D3 = 1000 GAUSS-CM3 
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APPENDIX A 

GLOSSARY OF SYMBOLS AND TERMS 

A(I) - Is the spherical harmonic coefflcieri' ,'"  'n the form used by the computer 

programs. Eqs. (5) and (8) define :;
J relationships. 

A(n,m) - Is the spherical harmonic coefficient A as an element of a two-dimensional 

array. 

A - Is the spherical harmonic coefficient as defined by Eq. (5). 

B(I) - Is the spherical harmonic coefficient B^ in the form used by the computer 

programs. Eqs. (5) and (8) define the relationships. 

spnencax narmonic coeiiicitmt f 

array. 

B(n,m) - is the spherical harmonic coefflcitmt E as an element of a two-dimensional 

B - is the spherical harmonic coefficient as defined by Eq. (5). 

C - Is the constant factor in the set of weighting factors [Y(l)]. C has the value 

(TT/NO) representing the Interval of longitude,  (see Eqs. '"-+) and (15)). 

C(I) - is the Fourier coefficient representing the amplitude of the Ith term in the 

expansion of the data curves. Eqs. (32) and (34) define the relationships. 

C - is the coefficient used in Eq. (26b). It originates in the Identity 

dl,m(cos 9) = m cos 9 Pra(cos e)/sln 0 - Cm Pm+1(cos 9) 
zi n n i A 

d9 
where 

cJJ =- [(n-m)(n+ni+l)p for (m > 0) 

= [n(n+l)/2p' for (m = 0) 
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CS - Is the parameter in the program SA3024. that represents the data value 

resulting from a static measurement by the magnetic sensor with a calibration 

signal turned on. 
■ 

CV - is the value  (in gammas)  of the calibration signal.    The values of CS,  CV,  and 

CZ are used to convert the measured data into gammas,  i.e., each data value is 

multiplied by CV/(CS-CZ). 

CZ - is  the parameter in the program SA3024 that represents the data value 

resulting from a static measurement by the magnetic sensor with the calibraticn 

signal turned off, 

CO - (= G ) is the Fourier coefficient representing the constant component of the 

data curves.    It is defined in Eq.   (30). 

01, - is  the Fourier coefficient for the jth cosine term in the expansion of the 
J 

data curves.    It is defined in Eq.  (33b.). 

06 - is  the parameter in the BASIC program SA1024. which corresponds to CV. 

07 - is the parameter in the BASIC program SA1024. which corresponds to CS. 

C8 - is  the parameter in the BASIC program SA1024 which corresponds to CZ. 

_ 2 2 2^ 
D - is  the magnitude of the dlpole moment D.    It is equal to  (D, + D   + D )2. 

D - is  the dipole moment vector  (D-, ,   D„, D )  defined by Eq.   (1). 

D(l)  - is the Ith factor of the set of weighting factors {Y(I)].    It is a measure 

of the interval of colatitude assigned to the data points (F(I,J),  J = 

1,2,••%N0}.     (See Eqs.   (14)  through (18).) 

D,, Dp,  D,, - are the x, y,  and z-components, respectively,  of the dipole moment D. 

DEV - is the maximum difference between data points of a measured curve and the 

corresponding points of the curve defined by the approximated Fourier 

coefficients. 
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EA - is the purumetar in programs SM.024 and SA5024. that represents the angular 

error (in degrees) to be randomly inserted into the simulated measurement 

data. It represents the measurement position errors. 

ED - is the parameter in programs SA4024 and SA5024. that represents a constant 

offset (in gammas) of the measurement instrumentation. The analysis procedure 

handles this value as the magnetic field from a raonopole moment. 

EG - is the parameter in program? ?:!-U02U  and SA5024. that represents the error (in 

gammas) to bo randomly insorted into the simulated measurement data. It 

represents instrumentation inaccuracies. 

F(l) - is the argument representing the x, y, and z-component of the magnetic field 

vector computed by the subroutine AMPFLD. F(l), for I = 1,2,•••,N is also 

the array of data for the subroutine FNCTON. 

F(IJ) - is the single-dimensioned array of data values representing the normal 

component of the magnetic field on the surface of the measurement sphere 

surrounding the satellite. The relationship is F(IJ) = f(e(l), 

9(J)) for IJ = I + (J - 1) • N2, I = 1,2,"',N1, and J = 1,2,*'-,N0. 

F(I,J) - is the two-dimensional array of numbers representing discrete values of 

the normal component of the magnetic field on the surface of the 

measurement sphere surrounding the satellite.  The values are actually 

stored in the single-dimensioned array F(IJ) = F(I,J) = f(9(l), 

^(J)) for IJ = I + (J - 1) • Nl, I = 1,2,•••,N1, and J = 1,2,«",N0. 

f(9»{p) - represents the normal component of the total magnetic field on the surface 

of the measurement sphere of radius Rl surrounding the satellite. 

f (ö,cp) - represents the normal component of the magnetic field on the surface of 

the measurement sphere from the multipole moment of degree n. 

f .(9,'Y) - represents the normal component of the magnetic field on the surface of 

the measurement sphere from the jth multipole magnet of degree n. 

F9 - is the format for reading and printing the spherical coefficients A(l) sind 

B(I), e.g., F9 = (1H »TElü.A). 
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H(R) - represents the total magnetic field vector at the point R. 

H (R) - represents the magnetic field vector at the point R from a nrultipole magnet 

of degree n. 

i - represents the unit vector along the x-axis. 

IP - is the parameter in the program SA4024. that determines whether or not the 

simulated measurement data is to be interpolated and plotted, IP ^ 0 means 

that the data will be interpolated and plotted. 

IP1 - is the parameter in the programs SA3024. and SA502A which corresponds to IP. 

IP2 - is the parameter in the programs SA3024. and SA5024. that determines whether or 

not the measurement data is to be printed. IP2 ^ 0 means that the data will 

be printed. 

IR - is the parameter in the programs SA2024. and SA3024. that determines whether or 

not to read the measurement data from a data file. IR ^ 0 means that the data 

will be read from the file DATO24-. 

IW - is the parameter in programs SA3024. and SA5024. that determines which 

integrating scheme is to be used. IW = 0 means that the exact, algebraic 

scheme is to be used. 

j - represents the unit vector along the y-axis. 

k - represents the unit vector along the z-axis. 

m - is the order of the coefficients A and B , and the polynomials P (cos 9) and n    n       r *      n 

P  (cos e). 
nfm 

M - is the program parameter representing the order of the coefficients and 

polynomials associated with multipole magnets. 

«m  , „m   j j.,   .,   _, ., ^m/ 
a or uie coerncients . 

P^ (cos 9). 

n - is the degree of the coefficients A and B , and the polynomials P (cos 9) and 

A-4. 
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N - Is the program paivuaeter representing the degree of the coefficients and 

polynomials associated with raultipole magnets. N is also used to defirie the 

number of distinct data points for the subroutine FNCTON. 

NO - is the number of curves of data. It is an even integer ('16) corresponding to 

the number of great circles of data on the measurement sphere. 

Nl - is the number of equally spaced data points per curve ranging from U through 

36U degrees in colatitude.  Nl is on odd integer (03). 

N2 - is the parameter in the BASIC program SAIU^ which corresponds to IP2. N2 is 

also used in the subroutine FNCTCM to designate the number of Fourier terms 

that produces the minimum error (DEV) between the data and the computed curve. 

N3 - is the number of distinct factors [D(l)] of the weights [Y(I)j. N3 is the 

largest integer that is less than or equal to (Nl + 3)/4-i i.e., N3 = [max i 

such that i ■• (Ml + 3)A]. 1~i 

n(9,cp) - is the unit normal vector on (exterior to) the surface of the measurement 

sphere at the point (Rl, 9, cp), It has rectilinear components (sin 9 

cos 9, sin 9 sin cp, cos 9). 

NH - is the parameter in the program SA3024. that represents the highest degree 

spherical harmonic term to be computed from the data (NH = 1 for dipoles, 

2 for quadrupoles, etc.).  NH is also the parameter in the program S/14024. 

that represents the total number of different harmonics (degrees) of multipole 

magnets to be considered, 

NH1 - is the parameter in the program SA5024. that represents the total number of 

different harmonics (degrees) of multipole magnets to be considered. 

NH2 - is the parameter in the program SA5Ü2.4 tlr  represents the highest degree 

spherical harmonic term to be computed from the data (NH2 = 1 for dipoles, 

2 for quadrupoles, etc.) 

NM - is the parameter in the programs SA4.024 and 5A5024. that represents the number 

of multipole magnets with harmonic number (degree) NN. 
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NN - is the parameter In the programs SH024. and SA5024. that represents the 

harmonic number (degree) for the multipole data being read in (NN = 1 for 

dlpole, 2 for quadrupoles, etc.). 

P - represents the multipole position vector in the programs SM.024 and SA5024.. It 

also represents the weighting factors in the subroutine AMPMNT. 

P4 - is the parameter in programs SA3024,, SA4,024., and SA502^ that represents the 

scale factor in gammas/inch for the y-axis if the data is to be plotted. If 

PY = 0.0, and if the data is to be plotted, a suitable factor will be computed 

from the data. 

P m(cos 9) - represents the associated Legendre polynomial of degree n and n,ra * JJJ 
order m. Reference (b) gives the definition as P m(cos 9) = sin 0 

aT  (cos e)/d(cos 9)  where. P (cos 9) is the regular Legendre 

polynomial of degree n.  (See also Eq. (2) of Appendix K.) 

P (cos 9) - represents the Schmidt polynomial of degree n and order m. They are 

defined in Eq. (3) of Appendix K. 

PHI(I) - is the Fourier coefficients in the subroutine FNCTON which represent the 

phase angles defined by Eqs. (31) and (33). 

Q-|-l»"*>Qqo - represent the coefficients of the quadrupole moment term in 

rectilinear coordinates. 

r - represents an element of the orthonormal set of vectors defined by Eq. (23). 

R - represents the position vector for a point at which the magnetic field is to be 

computed by the subroutine AKPFLD. Coordinate transformations are Included in 

Figure 1, 

R-, - representj the vector between a multipole position and the point at which the 

magnetic field is to be computed by the subroutine AMPFLD. 

Rl - is the parameter in the programs SA1024.> * ••,SA5024. that represents tho radius 

of the measurement sphere in inches. 
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SI.  - Is the Fourier coefficient for the jth sine term in the expansion of the data 

curves.    It is defined by Eq.   (31a), 

X(I)  - represents the surface area or weight assigned to the data points lF(I,J),J = 

1,2,'",N0} when the geometric or approximate integrating scheme is used. 

It is defined in Eq.   U). 

Y(l)   - represents the surface area or weight assigned to the data points 

[F(I,J),J = 1,2,"*flUO] when either Integration scheme is used. 

YDIST - Is the parameter in the subroutine DATFLT that corresponds to the parameter 

PY. 

9 - represents the spherical coordinate of colatltude defined in terms of 
-1 r 2   2 "M / i 

rectilinear coordinates as 9 = tan  jjx + V  )''/zJ« 

9 - represents an element of the orthonormal set of vectors defined by Eq. (23). 

9(1) - represents the Ith element In the set of values of colatltude at which the 

data F(I,J) is recorded. 

9 - represents the spherical coordinate of longitude defined In terms of 

rectilinear coordinates as cp - tan" (x/y). 

cp - represents an element of the orthonormal set of vectors defined by Eq. (23). 

^(.1) - represents the jth element in the set of values of longitude at which the 

data F(I,.r) is recorded. 
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APPENDIX B 

LISTING OF SA1024 

00010   REM  PROGRAM   SATDPL 
00020 DIM RmiWm.Fono) 
00030   LFT   P1'=3,U15<»265 
00040   READ  NOtNl 
00050   IF   N0O0  THEN   00070 
00060   STOP 
00070 READ RltC6 
00080 LET R1«R1»2.54 
000<?0   PRINT   "ENTER   1   OR   0   TO   INDICATE   DATA  PRINT  OR  NOT" 
C0100   READ  N2 
00110   LET   D0»2.»P1/(N1-1) 
00120   FOR   I»l   TO   3   STEP   1 
00130   LET   W(I)«0 
00140   LET   R(I)=0 
00150   NEXT   I 
00160   LET   N3«N0*N1 
00170   READ  C7,Ce 
00180   FOR   I«l   TO N3   STEP   1 
001P0   READ  F(IJ 
00200   NEXT   I 
00210   PRINT 
00220   GOSUB   01160 
00230   IF   N2«0   THEN   00250 
00240   GOSUB   01000 
00250   PRINT 
00260 FOR K0»1 TO NO STEP 1 
00270 LET 03«P1»(KO-1)/N0 
00280 LET S3=SIN{03) 
00290 LET C3=COS(03) 
00300 FOR L0"1 TO Nl STEP 1 
00310 LET K1»L0+(K0-1)»N1 
00320 LET Fl = F(ICl)*l,E-5 
00330 LET 04«2.»Pl«tL0-l)/(Nl-l ) 
00340 LET 54«SIN(04) 
00350 LET C4»C0S{04) 
00360 LET P5=(SIN(D0/4)*«2)/(2.»N0) 
00370    IF   L0«1    THEN   00430 
00380   IF   L0»N1   THEN   00430 
00390    IF   L0<>(Nl+l)/2   THEN   00420 
00400   LET   P5=P5»2. 
00410 GO TO 00430 
00420 LET P5»AB<;(SIN(04)»SIN(D0/2) l/(2.»N0) 
00430 LET R( 1 )::0»S4 
00440 LET R(2;=53»S4 
00450 LET R(3)=C4 
00460 FOR I«l TO 3 STEP 1 
00470 W( n«W( I ) + (Fl»P5)»R(I ) 
00480 NEXT I 

SA100010 
SA100020 
SA100030 
SA10r040 
SA100050 
SA100060 
SA100070 
SA100080 
SA100090 
SA100100 
SA100110 
SA100120 
SA100130 
SA100140 
SA100150 
SA100160 
SA100170 
SA100180 
SA100190 
SA100200 
SA100210 
SA100220 
SA100230 
SA100240 
SA100250 
SA100260 
SA100270 
SA100280 
SA100290 
SA100300 
SA100310 
SA100320 
SA100330 
SA100340 
SA100350 
SA100360 
SA100370 
SA1003e0 
SA100390 
SA100400 
SA100410 
SA100420 
SA100430 
SA100440 
SA100450 
SA100460 
SA100470 
SA1004eO 
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00490 NEXT LO SA100490 
00500 NEXT KO SA100500 
00910 FOR 1-1 TO 3 STEP 1 SA100510 
00920 LET W(1).(1.! »(Rl«*3) *W( I) SA10052C 
00530 NEXT I SA1O0530 
00940 LET R(l).SOR(W(l)»*2+W(2)«»2+W(3)«*2) SA100540 
00990 LET S8»W(2) SA100550 
00960 LET S9«Wm SA100560 
00970 GOSUB 01670 SA100570 
00580 LET R(2)-C5»ie0./Pl SA100580 
00590 LET S8-SQR(W(1)»»2+W(2)**2) SA100590 
00600 LET S9»W(3) SA100600 
00610 GOSUB 01670 SA100610 
00620 LET R(3).C5»180./P1 SA100620 
00630 PRINT "(DX.DY ,DZ) • ' • wm; w(2) ; w (3) SA100630 
00640 PRINT "(0 .02 ,01) « "' R (1) •. R ( 2 ) ; R (3 ) SA100640 
00650 GOSUB 01320 

/ 1 
SA100650 

00660 GO TO 00040 SA100660 
00670 SA100670 
00680 REM DATA N0.N1 SA100680 
00690 DATA 6.25 SA100690 
00700 REM DATA R1,C6 SA100700 
00710 DATA 96.0.1.C SA100710 
00720 REM DATA N2 SA100720 
00730 DATA 1 SA100730 
00740 REM DATA C7.C 8,(F(n,i «1,N3) SA100740 
00750 DATA    1.0, 0.0, SA100790 
00760 DATA -504.3, -475.5, -381,5, -123.3, 438 .4, 1273 .7. 1749 ,2 .SA100760 
00770 DATA 1259.6, 431.3, -125.7. -382.1, -476 .3, -502 ,7. -'',99 .8 .SA100770 
00780 DATA -476.5, -436.5, -386.3, -341.0, -322 6, -339 >4. -386 .5 .SA100780 
00790 DATA -435.9, -476.7, -499.0, -503.7, -902. >8, -881, >2. -814 ,6 .SA100790 
00800 DATA -675.4, -420.8, -118.9, 27.2, -119 .7, -426 ,7. -672 .7 .SA100800 
00810 DATA -815.5, -880.6, -904,1 , -897.6, -851 0, -728 7. -483 .8 .SA100810 
00820 DATA -164.5, 7.2, -160.4, -480.6, -728, .9, -850, .4. -897 .1 .SA100820 
00830 DATA -903.7, -1302.5, -1287.7, -1254.4, -1206 6, -1148 0. -1096 .8 .SA100830 
00840 DATA-1077.9, -1097.1, -1148.4, -1206.6. -1255, 4, -1288, 3. -1303 ,0 .SA100840 
00850 DATA-1292.6, -1219.0, -990.5, -394.6, 589, 2. 1219, 4. 595 ,2 .SA100850 
00860 DATA -406.4, -993.0, -1219,6, -1291.0. -1304, 2. -1703, 5. -1691 .6 .SA100860 
00870 DATA-1642.3, -1519.4, -1281,9, -961.8. -800. 9. -966, 5, -1277 .0 .SA100870 
00080 DATA-1520.1. -1642.5, -1692,0. -1704.1, -1690, 6, -1640, 8. -1515 ,1 .SA100880 
00890 DATA-1274.8, -946.5, -779,8. -946.2, -1274, 5. -1518, 1. -1641 ,6 .SA100890 
noooo DATA-1691.1, -1703.7, -2102,4, -2092.4, -2019, 9. -1788, 4. -1202 .2 .SA100900 
00910 DATA -211.0, 418.3, -207,2, -1209.2, -1792, 5. -2019, 2. -2091. .1 .SA100910 
00920 DATA-2103,6, -2088.4, -2056,8, -2005.6, -1947, 4. -1898, 5, -1877 .5 .SA100920 
00930 DATA-1897.9, -1947.7, -2006,3, -2054.5, -2088. 6, -2103. 4, -2502, 4 .SA100930 
00940 OATA-2497,0, -2452.0, -2327,8, -2086.3, -1770. 2. -1598, 7. -1762. ,8 ,SA100940 
00950 DATA-2082.9, -2329.9, -24*8,4, -2497.0, -2503, 6. -2481, 7, -2415 >6 ,SA100950 
00960 DATA-2274.'?, -2022.5, -1713,6, -1566.7, -1720, 3. -2020, 7. -2271 .2 ,SA100960 
00970 DATA-2414.6, -2481.5, -2503,5 SA100970 
00980 DATA 0,  0, SA100980 
00990 SA100990 
01000 REM SUBROUTINE PRINTF SA101000 
01010 FOR KO"   1 TO NO STEP 1 SA101010 
010?0 LET IC2«1 + (IC0- 1)»(N1) SA101020 
01030 LET K3»N1+(K0 -1)»(N1) SA101030 
01040 PRINT SA101040 
01050 PRINT "CURVE NO.") KO SA101050 
01060 FOR K4« K2 TO K3 STEP 1 SA101060 
01070 IF F(K4KlE-2 THEN 01090 SA101070 
01080 GO TO OHIO SA10108C 
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OICO 
01100 
oiuo 
01120 
01130 
01140 
01150 
01160 
01170 
01180 
01190 
01200 
01210 
01220 
01230 
01240 
01250 
01260 
01270 
01280 
01290 
01300 
01310 
01320 
01330 
01340 
01350 
01360 
01370 
01380 
01390 
01400 
01410 
01420 
01430 
01440 
01450 
01460 
01470 
01480 
01490 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 

THEN OHIO IF F(K4)<-lF-2 
LET F(IU).0.0 
PRINT F(IC4), 
NEXT K4 
NEXT KO 
RETURN 

REM SUBROUTINE SHIFT 
LET Z1=(F(1)+F(N1 ))/2. 
LET N3»(Nl+l)/2 
LET Z2=F(N3) 
FOR ICO" 2 TO NO STEP 1 
LET K2»1+(K0-1)»N1 
LET IC3 = IC0»N1 
LET IC4-N3+(K0-1)»N1 
LET C1.(2.*Z1+Z2-F(K2)-F(K4)-F(K3)1/3, 
FOR L0»1 TO Nl STEP 1 
LET K4=L0+(K0-1)*N1 
LET FtlC4)»(F(KM+CH*C6/(C7-C8) 
NEXT LO 
NEXT KO 
RETURN 

REM 
DIM 
LET 
FOR 
LET 
NEXT 

SUB 
S( 3 
PI« 
1-1 
S( I 

I 
LET R( 1 
LET S8= 
LET 59= 
GOSUB 0 
LET R(2 
LET S8= 
LET S9= 
GOSUB 0 
LET R(3 
LET W3 

W4> 
Al = 
A2 = 

LET 
LET 
LET 
PRINT " 
PRINT " 
PRINT " 
PRINT " 
PRINT " 
PRINT " 
PRINT W 
IF S(3) 
PRINT ■' 
PRINT " 
GO TO 0 
PRINT ' 
PRINT " 
PRINT " 
RETURN 

ROUTINE PRINT1 
) 
3.14159265 
TO 3 STEP 1 

)=-wm 

)»S0R(S(1)**2+S(2)»*2+S(3I»»2) 
S(2) 
S( 1 ) 
1670 
)«C5»180./P1 
SQR(S(1)»*2+S(2)»*2) 
S(3) 
1670 
)=C5»180./P1 
ABS(W(3)) 
.2»W3 
SQR(S(1)»»2 + S( 2)»»2) 

.2**1 
THE COMPENSATING MAGNET FOR THE XY-PLANE SHOULD ' 

BE"Al"GAUSS-" 
CENTIMETER-CUBED WITH THE NORTH POLE POINT ING"R ( 2 )', 
DEGREES FROM +X." 
(THE MAGNET SHOULD READ "A2" GAMMA AT ONE METER.)" 

THC COMPENSATING MAfNET FOR THE Z-AXIS SHOULD BE'' 
3" GA'JSS-" 
=>0. THEN 01620 
CENIMETER-CUBED WITH THE NORTH POLE POINTING"', 
TOWARDS -Z (THE MAGNET " 
1640 
CENTIMETER-CUBED WITH THE NORTH POLE POINTING ") 
TOWARDS +Z (THE MAGNET) " 
SHOULD READ"W4"GAMMA AT ONE METER." 

REM SUBROUTINE ARCTAN 
IF S9=0 THEN 01750 

SA101090 
SA10H00 
SA101110 
SA101120 
SA10H30 
SA101140 
SA10H50 
SA101160 
SA101170 
SA101180 
SA101190 
SA101200 
SA101210 
SA101220 
SA101230 
SA101240 
SA101250 
SA101260 
SA101270 
SA101280 
SA101290 
SA101300 
SA10I310 
SA101320 
SA101330 
SA101340 
SA101350 
SA101360 
SA101370 
SA10I380 
SA101390 
SA101400 
SA101410 
SA101420 
SA101430 
SA101440 
SA101450 
SA101460 
SA101470 
SA1014eO 
SA101490 
SA101500 
SA101510 
SA101520 
SA101530 
SA101540 
SA101550 
SA101560 
SA101570 
SA101580 
SA101590 
SA101600 
SA101610 
SA101620 
SA101630 
SA101640 
SA101650 
SA101660 
SA101670 
SA101680 
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01690 LET C5-S8/S9 
01700 IF 59^0 THEN 01730 
01710 LET C5«ATN(C5)-»-Pl 
01720 GO TO 01790 
01730 LET C5«ATN(C5) 
01740 GO TO 01790 
01750 IF S8<.0 THEN 01780 
01760 LET C5-P1/2 
01770 GO TO 01790 
01780 LET C5»3»Pl/2 
01790 RETURN 
01800 END 

SA101690 
SA101700 
SA101710 
SA101720 
SA101730 
SA101740 
SA101750 
SA101760 
SA101770 
SA101780 
5^*01790 
SA101800 
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APPENDIX C 

LISTING OF SA2024 

PROGRAM   SATDPL(INPUTtOUTPUTtDAT024»TAPE7»DAT024) 
DIMENSION   R(3).W(3)tf(800) 
Pl-3.1*159265358979 
REWIND   7 

10   READ   01t   N0.N1.IR 
IF(NO.EO.O)   STOP 
READ   03*   R1.C6 
R1"R1*2.54 
PRINT   02 
READ  01.   N2 
D0=2.»Pl/FLOATtNl-l) 
DO   20   1-1.3 
wm-o 
R(I)«0 

20  CONTINUE 
N3"N0»N1 
IF(IR.EQ.O)   READ  03,  C7,C8.(F(I),I»l.N3) 
IFdR.EQ.O)   WRITE(7.03)   C7.CI . «F(I » » l«l »N3 ) 
IFtlR.NE.O)   READ(7,03)   C7.C8.(F(I).I«l ,N3) 
CALL   SHIFT(F,N0.Nl.C6.C7,Cei 
IF(N2.NE.0)   CALL   PRINTF(F.NO.NM 
DO  60   KO-l.NO 
03=P1»(FLOAT(KO-1)/FLOAT(NO)) 
S3»SIN(03) 
C3«'COS(03) 
DO  60   L0-1.N1 
KL=«L0+(IC0-1)*N1 
Fl«F(KL)*l.E-5 
04«2.»PI»(FLOAT(LO-11/FLOAT(Nl-1) ) 
S^«SIN(04) 
C*«C0S(04) 
P5»(SIN(DOM)»*2)/(2.»FLOAT(NOn 
IF(LO.EQ.l.OR.LO.EQ.Nl) GO TO 40 
IF(L0.NE.(Nl+l)/2) GO TO 30 
P5=P5»2, 
GO TO 40 

30 P5»ABS(SIN{O4)«SIN(D0/2))/(2.»FLOAT(N0n 
40 R(1)«C3»S4 

R(2)"S3*S4 
R(3)«C4 
DO 50 1-1.3 

50 W(I )-W( n + (Fl»P5)»R(n 
60 CONTINUE 

DO 70 I«1.3 
W(I)»(1.5»(R1**3))»W(1) 

70 CONTINUE 
CALL SPCOOR(W.R) 
PRINT 04. Wd) .W(2) .W(3) 

SA200010 
SA20OO2O 
SA200030 
SA200040 
SA200050 
SA200060 
SA200070 
SA200080 
SA200090 
SA200100 
SA200110 
SA200120 
SA200130 
SA200140 
SA200150 
SA200160 
SA200170 
SA200180 
SA200190 
SA200200 
SA200210 
SA200220 
SA200'30 
SA200240 
SA200250 
SA200260 
SA200270 
SA200280 
SA200290 
SA200300 
SA2003I0 
SA200320 
SA200330 
SA200340 
SA200350 
SA200360 
SA2C&JA0 
SA200380 
SA20039L 
SA200400 
SA200410 
SA200420 
SA200430 
SA200440 
SA200450 
SA200460 
SA200470 
SA200480 
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PRINT 05i R'.) .«( '.R 13) 
CALL PRINT: V. I 
60 TO 10 

01 FORMAT«14151 
02 FORMAT l44H0t'NTER 1 OR 0 TO INDICATE 
03 FORMAT (9F6.1) 
OU FORMAT«14H (DX tOY • OZ) ■ .3F10. .2) 
05 FORMAT«14H (D 

END 
.02 fOl) ■ .3F10 .2) 

DATA   PRINT  OR   N0T9) 

SUBROUTINE   PRINTF«F.NO.Nl» 
DIMENSION   F(800) 
DO  30   K0-1*N0 
ICS«1 + «K0-1)*(N1) 
ICE»N1+«IC0-1)»«N1) 
PRINT   11.KO 

30  PRINT   12*(P(KK).KK>KStKE) 
RETURN 

11 FORMAT«11H0CURVE  NO.   .12» 
12 FORMAT«1H   »8F8.1» 

END 

SUBROUTINE SHIFT«F.N0.N1.CV.CS.CZ) 
DIMENSION F«800) 
Pl-(F(l)+F(Nl))/2. 
N3««Nl+l)/2 
P2"F(N3) 
DO 30 KO-l.NO 
KS»1+«IC0-1)*N1 
KE-K0»N1 
ICK»N3+«IC0-1)*N1 
COR-(2.»Pl+P2-F«KS)-F(KK)-F«ICE»)/3. 
DO 30 L0-1.N1 
KIC«L0-M>CO-l)»Nl 

30 F(KK)«(F«ICK»*COR)»CV/«CS-CZ) 
RETURN 
END 

SUBROUTINE   SPCOORJD.R) 
DIMENSION   D(3).R«3I 
DATA PI/3.14159265358979/ 
R«1)«S0RT«D0T(D.D)) 
R«2I»0. 
R(3)-0. 
IF«R«1).EO.O.) RETURN 
IF«D«l)»*2+D(2»»#2.NE.O.) R(2)-ATAN2«D«2».0«1) )*180./PI 
R(3)»ATAN2«S0RT«0«ll»»2-»-D(2)»»2).D(3)»»180./PI 
RETURN 
END 

FUNCTION DOT(X.Y) 
DIMENSION XI3).Y«3) 
D0T«X(1)»Y«1)+X«2)*Y(2)+X(3)»Y«3) 
RETURN 
END 

SUBROUTINE PRINT1«W) 
DIMENSION R«3).S«3).W(3) 
DATA ST.GT/1H-.1H+/ 
Pl-3.14159265 

SA200*90 
SA2OO50O 
SA200510 
SA2O052O 
SA20053Ü 
SA200540 
SA200550 
SA200560 
SA200570 
SA200580 
SA200590 
SA200600 
SA200610 
SA200620 
SA200630 
SA200640 
SA200650 
SA200660 
SA200670 
SA200680 
SA200690 
SA200700 
SA200710 
SA200720 
SA200730 
SA200740 
SA2O0750 
SA2O0760 
SA200770 
SA200780 
SA200790 
SA200800 
SA200810 
SA200820 
SA200830 
SA200840 
SA200850 
SA2O0860 
SA200870 
SA200880 
SA200890 
SA200900 
SA200910 
SA200920 
SA200930 
SA200940 
SA200950 
SA200960 
SA200970 
SA200980 
SA200990 
SA201000 
SA201010 
SA2O1020 
SA2O1030 
SA201040 
SA201050 
SA201060 
SA20i070 
SA201080 
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DO 10 I-1.3 
10 s( i)--w(n 

CALL SPCOOR(S.R) 
W3-A6S(W(3)) 
W32".2*W3 
AM1-S0RT<S(1)»»2+S(2»»«2) 
AM12-.2*AM1 
PRINT 11, AMI 
PRINT 12, Rt2) 
PRINT 13, AM12 
PRINT 14, W3 
IF(S(3).LT,0.) PRINT 15, ST 
IF(S(3).6E.O.) PRINT 15, GT 
PR INT 16, W32 

11 FORMAT(54H     THE COMPENSATING MAGNET FOR THE XY-PLANE SHOULD 6 
+,2HE ,F7,1,7H GAUSS-) 

12 FORMAT(47H CENTIMETER-CUBED WITH THE NORTH POLE POINTING ,F6.1, 
+17H DEGREES FROM +X.) 

13 FORMAT(25H (THE MAGNET SHOULD READ ,F7.1,21H GAMMA AT ONE 
1* FORMATU3H     THE COMPENSATING MAGNET FOR THE Z-AXIS, 
+11H SHOULD BE ,F7.1,7H GAUSS-) 

15 F0RMAT(46H CENTIMETER-CUBED WITH THE NORTH POLE POINTING, 
+9H TOWARDS ,A1,14HZ. (THE MAGNET) 

16 FORMAT(13H SHOULD READ ,F7.1,22H GAMMA AT  ONE METER.)) 
RETURN 
END 

SA201090 
SA2011OO 
SA20111O 
SA201120 
SA201130 
SA201140 
SA201150 
SA201160 
SA20117O 
SA201180 
SA201190 
SA2012OO 
SA201210 
SA20I22O 
SA201230 
SA201240 
SA201250 
SA201260 

METER.))SA201270 
SA201280 
SA201290 
SA2013OO 
SA201310 
SA201320 
SA201330 
SA201340 
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SAMPLE PHDBLEM PDR SA202^ 

N0L   INTERC0M 
TYPE  "LOGIN.•• 
L0GIN(S) 
0 24533LACK/I \/A 

09/07/73        09.4ft.40.   BD/42/34 
C-   SFTUP.F0RTRAN 

0N   AT 09.46.56.    09/07/73 
*♦FORTRAN 
♦♦NFW 0R  0LD  FILE-   ATTACH(BN2024*BN2024)♦ATTACH<DATO24«DATOg4)*TAPE<0N) 

0 9.47.39.ATTACH(BN2024«BN2024) 
09.47.50.ATTACH< DAT024* DAT024) 
♦ ♦READY. 
BNg024. 

6        25 1 
96.00   1.000 

25 
96.00   1.000 

1 
10 

12596 
-3863 
-9028 
-6727 

72 
12544- 
12883- 
-4064 
12819 
16906- 

0 
4313 

-3410 
-8812 
-8155 
-1604 
12066 
13030 
-9930 

-5043 
-1257 
-3226 
-8146 
-8806 
-4806 

■11480-10968 
12926-12190 
12196-12910 

-3815 
-4763 
-3865 
-4206 
-8976 
-6504 

-10779 
-9905 

-13042 
-9616   -8009   -9665-12770 
16408-15151-12748   -9465 

-4755 
-3821 
-3394 
-6754 
-9041 
-7289 

- 16416-16911-17037-21024-20924 
4163 -2072-12092-17925-20192 

-20056-19 47 4-1898 5- 18775-18979 
-21034-25024-24970-24520-23276' 
-20629-23299-2448 4-24970-25036 
- 17136-15667-17203-20207-22712- 

0    0    0 
TAPE(0FF) 

-1233 
-5027 
-4359 
-1189 
-6510 
-8971 
•10971- 
-39 46 

■17035- 
'15201- 
-7796 
•20199- 
•209II- 
•19477- 
•20663- 
•24817- 
24146- 

4384 
-4998 
-4767 

272 
-7267 
-9037- 
11464- 
5692 

16916- 
16425- 
-9462- 
17684- 
21036- 
20063- 
17702- 
24156- 
24615- 

12737 
-4765 
-4990 
-1 197 
-48 38 
13025 
12066 
12194 
16423 
16920 
12745 
12022 
20864 
20545 
15967 
22743 
25035 

174921 
-4365 
-5037 
-4267 
-1645 

-12877 
-12554 

5952 
-15194 
-17041 
-15181 
-21 10 

-20566 
-20886 
-17628 
20225 

Data Tape 

D-l 



1 

ENTFR   1   OR  0   T0   IND1CATF   DATA  PRINT  0R  NOTl 
(DX,DY,DZ)   ■ 825.54        -211.43 20.71 
(D   «02,01)   a 852.44 -14.37 88.61 

THE C0ISPENSATINP MACNET F0R THE XY-PLANE SH0ULD BF 852.2 GAUSS- 
CENTIMFTER-CUBED WITH THE N0RTH POLE POINTING 165.6 DEGREES FROM ♦X. 
(THE  MAGNET   SHOULD   READ 170.4  GAMMA  AT  ONE  METER.) 

THE   COMPENSATING  MAGNET   FOR   THE  Z-AXIS   SHOULD   BE 20.7   GAUSS- 
CENTIMETER-CUBED   WITH   THE   NORTH   POLE   POINTING   TOWARDS   -Z.   (THE  MAGNET 
SHOULD   READ 4.1   GAMMA  AT     ONE METER.) 

ENTER   1   OR  0   TO   INDICATE   DATA  PRINT  OR  NOT» 

CURVE  NO. 1 
-504.3 -475.5 -381.5 -123.3 438.4 1273.7 1749.2 1259.6 

431.3 -125.7 -382.1 -476.3 -502.7 -499.8 -476.5 -436.5 
-386.3 -341.0 -322.6 -339.4 -386.5 -435.9 -476.7 -499.0 
-503.7 

CURVE  NO. 2 
-502.8 - 48 1. 2 -414.6 -275.4 -20.8 281.1 427.2 280.3 
-26.7 -272.7 -415.5 -480.6 -504.1 -497.6 -451.0 -328.7 
-83.8 235.5 407.2 239.6 -80.6 -328.9 -450.4 -497.1 

-503.7 

CURVE  NO. 3 
-502.8 -488.0 -454.7 -406.9 -348.3 -297.1 -278.2 -297.4 
-348.7 -406.9 -455.7 -488.6 -503.3 -492.9 -419.3 -190.8 

405. 1 1388.9 2019. 1 1394.9 393.3 -193.3 -419.9 -49 1.3 
-504.5 

CURVE  NO. 4 
-503.3 -49 1.4 -442.1 -319.2 -81.7 238.4 399.3 233.7 
-76.8 -319.9 -442.3 -491.8 -503.9 -490.4 -440.6 -314.9 
-74.6 253.7 420.4 254.0 -74.3 -317.9 -441.4 -490.9 

-503.5 

CURVE  NO. 5 
-502.8 -492.8 -420.3 -188.8 397.4 1388.6 2017.9 1392.4 

390.4 -192.9 -419.6 - 49 1. 5 -504.0 -488.8 -457.2 -406.0 
-347.8 -298.9 -277.9 -298.3 -348.1 -406.7 -454.9 -489.0 
-503.8 

CURVE  NO. 6 
-502.8 -49 7.4 -452.4 -328.2 -86.7 229.4 400.9 236.8 
-83.3 -330.3 -448.8 -497.4 -504.0 -482.1 -416.0 -274.7 
-22.9 286.0 432.9 279.3 -21.1 -271.6 -415.0 -481.9 

-503.9 
( DX,DY*DZ) s 825.54 -211.43 20. 71 
(D   #02,01) s 852.44 -14.37 88. 61 

THE COMPENSATING MAGNET FOR THE XY-PLANE SHOULD BE 852.2 GAUSS- 
CENT1METER-CUBFD WITH THE NORTH POLE POINTING 165.6 DEGREES FROM ♦X. 
(THE  MAGNET   SH0ULD   RFAD 170.4   GAMMA  AT  0NE  METER.) 

D-2 



THE  C0MPENSATING  MAGNET   F0R   THE  Z-AXI S   SH01JLD  BE 20.7   GAUSS- 
CENTIMETER-CUBED  WITH   THE  N0RTH   P0LE  F0INTING   T0WARDS  -Z.   (THE MAGNET 
SH0ULD  READ 4.1   GAMMA  AT     0NE  METER.) 
09.53.46.ST0P 
*«READY. 
».0G0UT. 

CP  TIME 1. 187 
PP   TIME 48.498 
C0NNECT   TIME     0  HR     9   MIN   10   SEC 
T0TAL   C0ST  0F   SESS10N   =   $        2.28 
09/07/73     L0GGED 0UT   AT   09.55.50.< 

Notes; 
1. The file BN202A Is the binary version of SA2024.    It consists of six l nary 
records (subprograms). 
2. The information typed in by the user has been underlined. 
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APPENDIX E 

LISTING OF SA3024 

PROGRAM   0IPANL{ I NPUT-65 tOUTPUT »65 t DAT02*« «>5 t TAPES-I NPUT , 
•••   TAPE6"0UTPUT,TAPE7-0AT02<»,TAPE99) 

C 
C 
c 

c 
r 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 

c 
r 

C 

c 

c 
c 

c 
c 

c 

c 

c 
c 

SATELLITE ANALYSIS PROGRAM 

SA300018 
SA300O20 
SA300030 
SA30O0*0 
SA30OO50 
SA300060 
SA300070 

THIS PROGRAM ANALYZES MAGNETIC DATA REPRESENTING THE NORMAL COMPON-SA300080 
ENT OF THE MAGNETIC FIELD FROM A SATELLITE. THE DATA IS ENTERED IN   SA300O90 
THE FOLLOWING ORDER -- SA30O1OO 

SA300110 
NO - THE NUMBER OF GREAT CIRCLES OF DATA, (NO IS USUALLY EVENt E.G.. SA300120 

H0=(Nl-l)/2. THE PROGRAM STOPS IF No-O.) SA300130 
SA300U0 

Nl - THE NUMBER OF DATA POINTS PER GREAT CIRCLE. (Nl IS ALWAYS ODD.  SA300150 
THE FIRST DATA POINT IS THE SAME AS THE LAST FOR EACH GREAT CIR-SA300160 
LE.) SA300170 

SA300180 
NH - THE HARMONIC NUMBER (DEGREE) REPRESENTING THE HIGHEST DEGREE    SA300190 

SPHERICAL HARMONIC TERM TO BE COMPUTED FROM THE DATA, (NH»1 FOR SA300200 
DIPOI.ES. 2 FOR QUADRUPOLFS. ETC.) SA300210 

SA300220 
IR - DETERMINES WHETHER OR NOT TO READ THE DATA FROM THE FILE        SA300230 

DAT02A. (IR=0 MEANS THAT THE DATA WILL NOT BE READ FROM SA300240 
THE FILE.) SA300250 

SA300260 
IP1 - DETERMINES WHETHER OR NOT THE MAGNETIC DATA IS TO BE PLOTTED.  SA300270 

(IP1=0 MEANS THAT THE DATA WILL NOT BE PLOTTED.) SA3002eO 
SA300290 
SA300300 
SA300310 
SA300320 
SA300330 
SA300340 
SA300350 
SA300360 

PY - THE SCALE FACTOR (GAMMAS/INCH) FOR THE Y-AXIS IF THE DATA IS TO SA300370 
BE PLOTTED. (IF Pv=o.O A FACTOR WILL BE COMPUTED FROM THE DATA.)SA300380 

SA300390 
IP2 - DETERMINES WHETHER OR NOT THE MAGNETIC DATA IS TO BE PRINTED.  SA300400 

(IP»0 MEANS THAT THE DATA WILL NOT BE PRINTED.) SA300410 
SA300420 
SA300430 
SA300440 
SA300450 
SA300460 
SA300470 
SA300*80 

IW - DETERMINES THE TYPE OF TNTEGTATING SCHEME TO BF USED, (IW»0 
MEANS THAT THE EXACT. ALGEBRAIC SCHEME IS TO BE USED,) 

Rl - THE RADIUS OF THE MEASUREMENT SPHERE IN INCHES. 

CV - THE VALUE OF THE CAL SIGNAL (CS-CZ) IN GAMMAS. 

CS - THE STATIC MEASUREMENT WITH THE CAL SIGNAL. 

CZ - THE STATIC MEASUREMENT WITHOUT THE CAL SIGNAL. 

F(I) - THE DATA REPRESENTING THE NORMAL COMPONENT OF THE MAGNETIC 
FIELD ALONG GREAT CIRCLES ON THE MEASUREMENT SPHERE. 
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NOLTR 73-191 

IP2 

READ( 
WRITE 
READ! 

DIMENSION F(IOOO) 
NAMELIST/NAM/NOtM 
DATA PI/3.1415926 
REWIND 7 
IPT-0 

10  REAO(5i01)   NO.Nl, 
IF(IPT.EO.O.AND.I 
IF(NO.EO.O)   GO   TO 
IFdPl.NE.O»   IPT« 
REA0(5i02)   Rl.CV 
WRITE(6«NAHI 
WR   'E(6.03) 
READ(5,01) 
N3>N0»N1 
IF(IR.EO.O) 
IFdR.EO.OI 
IF(IR.NE.O) 
CALL   SHIFTIF.NO.N 
IF(IW.EQ.O)   CALL 
IFdW.NE.O)   CALL 
CALL   AMPMNT(N0.N1 
A0«A(l)»l.E-5 
FO«AO/( (Rl»2.9'»)* 
DO   20   I«1.N3 

20   F( I)-F(n»l,E-5-F 
WRITE(6.05)   AO 
IF(tP2.NE,0)   CALL 
IFdPl.NE.O)   CALL 
DO   80  NI'ltNH 
CALL   AMPMNT(NOtNl 
IF(NI.GT.l)   GO   TO 
0( l)»A(:i 
D(2I>B(1) 
0(3) «Ad, 
CALL   SPCOOR(D.R) 
WRITEt6.06)   D 
WRITE(6.07)   R 
CALL   PRINTKD) 
GO   TO   70 

60   IFtNI.GT.2)   GO   TO 
S3-S0RT13.) 
0I1»S3»A(3)-Ad) 
Q22»-S3*A( 3»-Ad) 
Q33«-011-022 
012-S3»B(2) 
013-S3»A(2) 
Q23»S3»Bd) 
WRITE(6i09) 

70   WRITECö.H) 
NI1=NI+1 
WRITE(6.12) 
WRITE(6il2) 

80   CONTINUE 
GO   TO   10 

90   IFdPT.NE.O) 
STOP 

01   FORMATdMS) 

.PV(200) .Adl ),B(10).R(3).D(3) 
I.NH.IR.IPI.IWiRl.CV.PY 
5398979/ 

NH.IR.IPl.IW 
Pl.NE.O) CALL CALCM1(0.10H024 LACKEY.-10.) 
90 

1 
PY 

5,04) CS,CZ,(Fd),I«l.N3) 
(7,04) CS,CZ,(F(I),I-1,N3) 
7,04) CS,CZ,(Fd),I-l,N3) 
1,CV,CS,CZ) 
WGTKNO.Nl.PV) 
WGT3(N0,N1,PV) 
.0,R1,F,PV,A,B) 

•2) 

PRINTF(F,N0,N1) 
DATPLT(N0,N1,F,PY) 

,NI,R1,F,PV,A,B) 
60 

70 

011,022,033.012,013,023 
NI 

(A( I) 
(Bd) 

,1-1,Nil) 
,1-1,NI) 

CALL CALCM1(0,10H024 LACKEY,+10.) 

SA300490 
SA300500 
»SA300510 
SA300520 
SA300530 
SA300540 
SA300550 
SA300560 
SA300570 
SA300580 
SA300R90 
SA300600 
SA300610 
SA300620 
SA300630 
SA300640 
SA300650 
SA300660 
SA300670 
SA300680 
SA300690 
SA300700 
SA300710 
SA300720 
SA300730 
SA300740 
SA300750 
SA300760 
SA300770 
SA300780 
SA300790 
SA300800 
SA300810 
SA300820 
SA300830 
SA300840 
SA300850 
SA300860 
SA300870 
SA300880 
SA300890 
SA300900 
SA300910 
SA300920 
SA300930 
SA300940 
SA300950 
SA300960 
SA300970 
SA300980 
SA300990 
SA301000 
SA301010 
SA301020 
SA301030 
SA301040 
SA301050 
SA301060 
SA301070 
SA301080 
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1   OR   0   TO   INDICATE   DATA   PRINT   OR   N0T9) 

— iF20.6//l 

02 F0RMAT(9F8.4) 
03 FORMATU*H0ENTER 
04 FORMAT(9F6,l) 
06 FORMAT(UH (DX.DY.DZ) ■ t3F10.2) 
09 FORMAT(26HOTHE MONOPOLE MOMENT IS 
07 F0RMAT(14H (0 .02t01) ■ i3F10.2) 
09 FORMAT(54H0THE QUADRUPOLE MOMENTS 011|Q22.033.012.Ql3tQ23 ARE - 

+ (3E20.12)I 
11 FORMATt27H0THE A ( R COEFFS. FOR THE 
12 FORMAT( 1H .,iE20.12l 

END 

!2,16HTH HARMONIC ARE9) 

10 

10 

SUBROUTINE AMPMNT(N0.N1.N.Rl.F.P.A.B) 
DIMENSION F(IOOO)»P(200).PN(10.200I.A(ll).fl(10) 
DATA   PI/3.14159265358979323e'»6/ 
CALL   POLVAL(Nl.N.PN) 
ICL-0 
N2=(Nl*n/2 
Dl»PI/FLOAT(N0) 
D2»2.»PI/FL0AT(N1-1) 
00 10 K-1.N0 
A1«D1»FL0AT(IC-1) 
LP- + 1 
LI«0 
DO 10 L-1,N1 

IF(L.GT.N2) LP--1 
LI«LI+LP 
A2»Al4FL0AT(l-LP)»PI/2. 
Fl-F(ICL) 
A2N-FL0AT(2»N+1) 
A1N»FLÖAT(N+1) 
AR=(Rl»2.54)»»(N-»-2) 
NN-N+1 
00 10 MM«1,NN 
M"MM-1 
AM-FLOAT(M) 
IF(KL.EQ.l) A(MM)-0. 
IF(HL.EO.l.AND.M.GT.O) B(M)«0. 
PNM1»PN(MM,LI»•C0S(AM»A2) 
PNM2=PN(MM,LI)»SIN(AM»A2) 
AC = (A2N»AR/A1N)*F1«P(LI ) 
A(MM)=A(MM)+Ar»PNMl 
IF(M.GT.O) B(M)»B(M)+AC»PNM2 
CONTINUE 
RETURN 
END 

SUBROUTINE WGTKNO.Nl.P) 
DIMENSION D(50).P(200) 
N4"(Nl*l)/4 
AN»FLOAT(NO) 
CALL WGT2tNl.D) 
DO 10 J1-1.N4 
J3-N1/2+2-J1 
DJ»D(J1)/(4.»AN) 
P(J1)»DJ 
P(J3)«DJ 
1F(INT(FL0AT(N1-U/4«*»1)»4,NE,<N1-I)y GO TO 20 
Jl«N4+l 

SA301090 
SA301100 
SA301110 
SA301120 
SA301130 
SA3O1U0 

•/ SA301150 
SA301160 
SA30n70 
SA3011S0 
SA301190 
SA301200 
SA301210 
SA301220 
SA301230 
SA301240 
SA301250 
SA301260 
SA301270 
SA301280 
SA301290 
SA301300 
SA301310 
SA30I320 
SA301330 
SA301340 
SA301350 
SA301360 
SA301370 
SA301380 
SA301390 
SA301400 
SA301410 
SA301420 
SA301430 
SA301440 
SA301450 
SA301460 
SA301470 
SA301480 
SA301490 
SA301300 
SA301510 
SA301520 
SA301530 
SA301540 
SA301550 
SA301560 
SA301570 
SA301580 
SA301590 
SA301600 
SA301610 
SA301620 
SA301630 
SA301640 
SA301650 
SA301660 
SA301670 
SA301680 
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P( Jl)»0{Jn/(4.*AN) 
20   N*«(Nl*H/2 

P(N4)>P(N4)*?. 
RETURN 
END 

SUBROUTINE  WGT2(NtO) 
DIMENSION   A(50.501.0(50).C(90) 
DOUBLE PRECISION A.CiPI.AN 
DATA P1/3.14159265358979a23t46264300/ 
N3«(N*11/4 
N4-N3+1 
DO 10 I-2.N* 
Ci H"1./FL0AT(2»I-1! 
A( I.l)-1. 
A(I«N4)-0. 
DO 10 J-2.N3 
AN»2.»PI»0BLE(FL0AT(J-1 ()/ÜBLE(FLOAT(N-l)I 

10 A(I ,J)«(0C0S(AN))««(2*I-2) 
C(l)«2. 
A(l.N4)»l. 
DO 20 J-1.N3 

20 A( l.J)-2, 
N3-N4 
IF( lNT(FL0AT(N-l)/*, + .l)«4.NE.(N-l)) N3-N3-1 
CALL GAUSEL(A¥:,N3,N3.1) 
DO 30 I-1.N3 

30 D( n-C( I ) 
RETURN 
END 

SUBROUTINE W6T3(N0.N1.P) 
DIMENSrON P(200) 
DATA PI/3.14159265358979323846/ 
D2"2.iJPI/FLOAT(Nl-l) 
El»(SIN(D2/4.J)**2 
E2»SIN(ü2/2.) 
P(1)»E1/(2.»FLOAT{NO)I 
N2"(Nl+l)/2 
P(N2)"P(1)»2. 
IF(N1.LE.3) RETURN 
N3-N2-1 
DO 10 L-2.N3 
S2«SIN(D2*FLOAT(L-l)) 
P(L)»A S«S2»E2)/(2.»FL0AT(N0) ) 

10 CONTINO' 
RETURN 
END 

SUBROUTINE GAUSEL(A.C.M.N,1T) 
DIMENSION A(50.50).C!50).IB(50) 
DOUBLE PRECISION A.CD 

c WRITF(6.03) 
c DO 20 I-l.M 
c 20 WRITE(6.04) (A(I.J)»J«!.N),C(I) 

DO 70 I-l.N 
70 IB(I)>I 

DO 60 I-l.M 
IF( IT.NE.O.AND.M.NE.N) GO TO 35 
D-0. 

SA301690 
SA301700 
SA301710 
SA301720 
SA301730 
SA301740 
SA301750 
SA301760 
SA301770 
SA301780 
SA301790 
SA301800 
SA301810 
SA301820 
SA301830 
SA301840 
SA301850 
SA301860 
SA301870 
SA301880 
SA301890 
SA301900 
SA301910 
SA301920 
SA301930 
SA301940 
SA301950 
SA301960 
SA301970 
SA301980 
SA301990 
SA302000 
SA302010 
SA302020 
SA30203O 
SA302040 
SA302050 
SA302060 
SA302070 
SA302080 
SA302090 
SA302100 
SA302110 
SA302120 
SA302130 
SA302140 
SA302150 
SA302160 
SA302170 
SA302180 
SA302190 
SA302200 
SA302210 
SA302220 
SA302230 
SA302240 
SA302250 
SA302260 
SA302270 
SA302280 
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GO  TO   10 

10 

U0 

160 

30 

40 

50 
60 

110 

120 

130 
100 

C 
c 
c 
C     80 

01 
02 
03 
04 
05 

JJ-O 
DO   10  J-IiN 
IF(DABS(A(IiJ)).LE.O) 
JJ-J 
D-OABS(MltJ) ) 
CONTINUE 
IF(JJ.EO.I)   GO  TO   35 
IF(JJ.NE.O)   GO  TO   IhO 
WRITE(6t01)    I 
GO  TO  110 
DO   160   J-ltM 
0>A(J(JJ| 
A( J.JJ)-A(Jtn 
AIJtD-O 
lo-ieuj) 
IB(JJ)-IB(II 
iB( n-iD 
D-A(I*I) 
00   30  J»ItM 
At I tJ)>A(UJ)/D 
cm-cm/D 
DO   50  J"1»M 
IF(J.EO.t)   GO  TO  50 
D>A(Jt!) 
IF(O.EQ.0.)   GO  TO  50 
DO   40  IC-ItN 
A(J.K)-A(JtK)-0*A(ItK) 
C( J)«C(J)-0»C(n 
CONTINUE 
CONTINUE 
IF(IT.EQ.O.OR.M.NE.N) 
DO   120   I-l.N 
A(ItN)-C(I) 
DO   130   I-l.N 
II-IBd) 
C(II)-A(I.N) 
CONTINUE 
IFdT.EO.O)   WRITE(6.02) 
WRITE(6.05) 
DO  80   I«1.M 
WRITE(6>04)    (AIUJ) .J"1»NJ »Cd » 
RETURN 
F0RMAT(5H1R0W   ,I2.14H   IS   ALL   ZEROS.) 
FORMAT(24H0SINGLE   PERMUTATION   IS...2013//) 
FORMAT{21H0THE   INPUT   MATRIX   IS9//) 
FORMATI1H   .7016.8) 
FORMAT(22H0THE  OUTPUT   MATRIX   IS9//) 
END 

SUBROUTINE POLVAL(Nl.N.PN) 
DIMENSION PN(10.200) 
DATA PI/3.14159265358979a2ae46/ 
D2«2.»PI/FL0AT(N1-1) 
N2-<Nl+l)/2 
DO 10 I-1.N2 
A2«D2*FL0AT(I-1) 
C2»C0S(A2) 
NN-N+1 
DO 10 MM-l.NN 
M-MM-1 

GO TO 100 

(IBID .I-l.N) 

SA302290 
SA302300 
SA30231O 
SA302320 
SA302330 
SA302340 
SA302350 
SA302360 
SA302370 
SA302380 
SA302390 
SA302400 
SA302410 
SA302420 
SA302430 
SA302440 
SA302450 
SA302460 
SA302470 
SA302480 
SA302490 
SA302500 
SA302510 
SA302520 
SA302530 
SA302540 
SA302550 
SA302560 
SA302570 
SA302580 
SA302590 
SA302600 
SA302610 
SA302620 
SA302630 
SA302640 
SA302650 
SA302660 
SA302670 
SA302680 
SA302690 
SA302700 
SA302710 
SA302720 
SA302730 
SA302740 
SA302750 
SA302760 
SA302770 
SA302780 
SA302790 
SA302800 
SA302810 
SA302820 
SA302830 
SA302840 
SA302850 
SA302860 
SA302870 
SA302B80 
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10 

10 

10 

PN(MM,n.SPNmN,M,C2) 
CONTINUE 
RETURN 
END 

SUBROUTINE SHIFT(F,NO»Nl«CVtCS.CZ) 
DIMENSION F(800) 
P1"«F(1»♦F(N1»)/2. 
N3"(Nl*l»/2 
P2-F<N3) 
DO 10 K0-1«N0 
KS-l-f((CO-l)»Nl 
KE«K0»N1 
ICIC-N3*(<0-1)»N1 
COR«(2.»Pl*P2-F(KS)-F<KK)-F(KE))/3. 
DO 10 L0-1.N1 
KK»L0+<K0-1)»N1 
F ((CO - ( F (KK »♦COR) *CV/ (CS-CZ » 
RETURN 
END 

SUBROUTINt PRINTI(W) 
DIMENSION R(3).5(3).W(3) 
DATA ST.GT/1H-.1H+/ 
Pl-3,14199265 
00 10 1-1*3 
sm—W(I) 
R(l)-SORT(S(l»»»2+S(2)»»2+S<3)**2) 
R(2)>ATAN2(S(2).S(l))*ieO«/Pl 
R(3)-ATAN2(SORT(Stl)»»2*S(2)*»2).S(3))*180./Pl 
W3-ABS(W(3)t 
W32«.2»W3 
AM1«S0RT(S(1)**2+S(2)*»2) 
AM12-.2*AM1 
PRINT 11* 
PRINT 12. 
PRINT 13. 
PRINT 14* 

AMI 
R(2) 
AM12 
W3 

PRINT 
PRINT 

15. 
15. 

ST 
GT 

11 

IF(S(3).LT,0.) 
IF{S(3).GE.O.) 
PRINT 16. W32 
FORMAT(54H     THE COMPENSATING MAGNET FOR THE XY-PLANE SHOULD B 

+.2HE .F7.1.7H GAUSS-) 
12 F0RMAT(47H CENTIMETER-CUBED WITH THE NORTH POLE POINTING .F6.1. 

+17H DEGREES FROM +X.) 
13 FORMAT(25H (THE MAGNET SHOULD READ .F7 
14 FORMAT(43H     THE COMPENSATING MAGNET 
+11H SHOULD BE .FT.l.TH GAUSS-) 

15 F0RMAT(46H CENTIMETER-CUBED WITH THE NORTH POLE POINTING. 
+9H TOWARDS .A1.14HZ. (THE MAGNET) 

16 FORMAT(13H SHOULD READ .F7.1,22H GAMMA AT 
RETURN 
END 

FUNCTION SPNM(N,M,X) 
SPNM>PNM(N.M.X) 
IF{M,EQ.0.OR.M.GT.N) RETURN 
SPNM-SORT(2 * »ANF(N-H)/ANF(N+M))*SPNM 
RETURN 
END 

.I.ZIH GAMMA AT ONE 
FOR THE Z-AXIS. 

ONE METER.)) 

SA302890 
SA302900 
SA302910 
SA302920 
SA302930 
SA302940 
SA302950 
SA3C2960 
SA302970 
SA302980 
SA302990 
SA303000 
SA303010 
SA303020 
SA303030 
SA303040 
SA303050 
SA303060 
SA303070 
SA303080 
SA303090 
SA303100 
SA303110 
SA303120 
SA303130 
SA303140 
SA303150 
SA303160 
SA303170 
SA303180 
SA303190 
SA303200 
SA303210 
SA303220 
SA303230 
SA303240 
SA303250 
SA303260 
SA303270 
SA303280 
SA303290 
SA303300 
SA303310 
SA303320 
SA303330 

METER.nSA303340 
SA303350 
SA303360 
SA303370 
SA303380 
SA303390 
SA303400 
SA303410 
SA303420 
SA303430 
SA303440 
SA303450 
SA303460 
SA303470 
SA303480 
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FUNCTION   PNM(NiM,XI 
PNM-0. 
IF(M,GT.N)   RETURN 
IF{(ABS(1.-ABS(X))».GT,l,E-9)   GO   TO   20 
IF(M.NE.O)   RETURN 
PNM--1. 
IF(X.GT.0..OR,N.EO.lNT(FLOAT(Nj/2.+.l)»2) 
RETURN 

20   CNM»(2.»»N)»ANF(N|»ANF(N-M) 
PNM>1. 
IF(M,NE.O)   PNM-SQRT(1.-X»X»»»M 
CNM-ANF(2»N)»PNM/CNM 
PNM-1, 
IF(M.NE.N)   PNM"X»»(N-M) 
IF(N-M,LE.l)   GO  TO  40 
PRD1-1. 
NT-(N-M)/2 
DO   30   I-l.NT 
ANl"FLOAT(N-M-2»I+2» 
AN2-FLOAT(2»n 
AN3»FLOAT(2»N-2»I+l) 
PR01—PRD1»AN1»(AN1-1)/(AN2»AN3) 
NE-N-M-2*! 
AN1-1. 
IF(NE.6T.O)   AN1«X»»NE 
PNM«PNM+PRD1»AN1 

30   CONTINUE 
40   PNM»CNM»PNH 

RETURN 
END 

FUNCTION   ANF(N) 
DOUBLE   PRECISION  AN 
ANF.l. 
AN-1.D0 
IF(N.LT.O)   PRINT   01 
IF(N.LT.2)   RETURN 
DO   10   I-2*N 

10   AN-AN#DBLE(FLOAT(in 
ANF>SNGL(AN) 
RETURN 

01 F0RMAT(37H1FACT0RIAL 
END 

PNW-1, 

INTEGER IS LESS THAN ZERO,//» 

SUBROUTINE SPCOOR(D»R) 
DIMENSION D(3)<R(3) 
DATA PI/3.14159265358979/ 
R(l)-SQRT(DOT(D,'  ■ 
R(2)>0. 
R(3)«0. 
IF(R(1),EQ.0.) RETURN 
IF(0(l)»»2+0(2)«*2.NE.O.) R(2)■ATAN2(D(2)tO(1))»180./PI 
R(3)»ATAN2(SQRT(D(1)»»2*0(2)»»2>.0(3)I*180./PI 
RETURN 
END 

SUBROUTINE 5UM(AiXtB»Y,Z) 
DIMENSION X(3).Y(3).Z(3) 
DO 10 1-1.3 

SA303490 
SA303500 
SA303S10 
SA303920 
SA303530 
SA303540 
SA303990 
SA303560 
SA303570 
SA303580 
SA30359C 
SA303600 
SA303610 
SA303620 
SA303630 
SA303640 
SA303650 
SA303660 
SA303670 
SA303680 
SA303690 
SA303700 
SA303710 
SA303720 
SA303730 
SA303740 
SA303750 
SA303760 
SA303770 
SA303780 
SA303790 
SA303800 
SA303810 
SA303820 
SA303830 
SA303840 
SA303850 
SA303860 
SA303870 
SA303880 
SA303890 
SA303900 
SA303910 
SA303920 
SA303930 
SA303940 
SA303950 
SA303960 
SA303970 
SA303980 
SA303990 
SA304000 
SA304010 
SA304020 
SA304030 
SA304040 
SA304050 
SA304060 
SA304070 
SA304080 
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10 Zm«A»X(I )+B*Y(U 
RETURN 
END 

FUNC ION   OOTU.Y) 
DIMENSION   X(3».Y(3) 
OOT»X«l)»Y(l)+X(2)*YI2t*X(3)»Y(3) 
RETURN 
END 

SUBROUTINE   PRINTF(F*N0*N1) 
DIMENSION   F(800).F1(100» 
DO  20  K0-1*N0 
DO  10  I-ltNl 
n"I*(IC0-l)*Nl 

10  FKD-FJ II »»l.ES 
WRITE(6*On KO 

20  WRITE(6*02)    (Fl(KK)tKK-1«Nl) 
01 FORMATI 11H0CURVE  NO.   »12) 
02 FORMATdH   «8F8.1) 

RETURN 
END 

SUBROUTINE DATPLT(N0»N1fF.YDIST) 
DIMENSION F(1000).Fl(33).F2(73)tX(33).Xl(73).C(l ).P(1 ).CH(16) 
DATA PI/?.,14159265358979/ 
DATA  CH/lHlflH2flH3,lH4,lH5,lH6ilH7»lH8.1H9,2Hl0.2H11.2Hl2.2Hl3» 

+  2Hl'w2H:9»2H16/ 
N3-N0*N1 
CALL  YSCALE(N3,F.Y0IST.YMAX.YMIN) 
DX«360./FLOAT(N1-1) 
Fim«Fl(2)-YMAX   %   X(l)-0.   $   X(2)"360. 
CALL CALCMl(2»X.Fl,0«0.*360.fYMlN,YMAX»6.t7.tTITLE*0t 

+ 20HCOLATITUOE (DEGREES).-20.30HNORMAL MAGNETIC FIELD (GAMMAS). 
*  30.0..18) 
F1(2)-YMIN S X(l)-X(2)-360. 
CALL CALCM1(-2.X.F1,0) 
F1(1)»F1(2)«0.   $ X(l)«360. » X(2)»0. 
1F(YMAX.GT.0.0.AND.YMIN.LT.0.0) CALL CALCM1(-2»X.Fl,0) 
DO 10 I-1.N1 

10 X(I)-0X»FLOAT(I-l) 
DO 20 1-1.73 

20 Xl(I)"5.*FLOAT(l-l) 
IJ«0 
DO 50 I-1.N0 
DO 30 J-l.Nl 
IJ-IJ+1 

30 F1(J)-F( IJ)»l.E+5 
CALL FNCTON(F1.N1-1,C,CO.P.N2.DEV) 
DO 40 N-1.N2 
EN-N 
DO 40 J-1.73 
XX«X1(J)»PI/180. 
IF(N.EO.l) F2(J)"C0 

40 F2(J)«F2(J)+C(N)*SIN(EN«XX+P(N)) 
CALL CALCM1(-73.X1.F2.0) 
DO 50 J»1»N1 
NC-1+I/10 
CALL SYMBL4(X(J)/60..(FI(J)-YMIN)/YDIST..08.CH(I).0..NC) 

50 CONTINUE 

SA304090 
SA3O4100 
SA304110 
SA304120 
SA304130 
SA304140 
SA304150 
SA304160 
SA304170 
SA304180 
SA304190 
SA304200 
SA304210 
SA3O4220 
SA3O4230 
SA304240 
SA3O4250 
SA3O4260 
SA3O4270 
SA304280 
SA3O4290 
SA304300 
SA304310 
SA3O4320 
SA304330 
SA304340 
SA3O4350 
SA304360 
SA3O4370 
SA304380 
SA3O4390 
SA304400 
SA304410 
SA304420 
SA304430 
SA304440 
SA304450 
SA304460 
SA304470 
SA304480 
SA304490 
SA3O4500 
SA304510 
SA3O4520 
SA3O4530 
SA304640 
SA3O4550 
SA304560 
SA304570 
SA304580 
SA304590 
SA304600 
SA304610 
SA304620 
SA304630 
SA304640 
SA304650 
SA304660 
SA3O4670 
SA304680 
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NOLTR 73-191 

RETURN 
END 

SUBROUTINE FNCTON(F.NSCANSfC.CO.PHI.N2.DEVI 
DIMENSION F(l).G(33).C(n »PHKH 
DATA PI/3.14159265358979/' 
DX»2.»PI/FL0AT(NSCANS) 
NE-NSCANS/2+1 
CO-0. 
DO 10 J-l.NSCANS 

10 C0«CO+F(J)/FLOAT(NSCANS» 
DO 30 N-l.NE 
EN-N 
Sl-0. 
Cl-0. 
X--DX 
DO 20 J-l.NSCANS 
X-X+DX 
Sl»Sl + ( l./Pn»F(J)»SIN(EN*X)»DX 

20 Cl«:i+(1./PI)*F(J)«C0S(EN»X)»DX 
C(N)«S0RT(S1»*2+C1»»2) 
IF((FLOAT(N) ).E0.(FLOAT(NSCANS1/2.)» C(N).C(N)/2. 
PHI(N)-O.O 

30 IF((S1»*2+C1«*2).NE.0.) PHI(N).ATAN2(Cl.511 
DO 50 N-l.NE 
EN«N 
X--0X 
0EV1-0- 
DO 40 J-l.NSCANS 
X-X+DX 
IF(N.EO.l) G(J)-C0 
6( J)-G(J)+C(N)»SIN(EN»X+PHI(N)) 

40 IF(ABS(G(J)-F(J)).GT.DEV1) DEV1-ABS(GtJ)-F<JJ) 
IF(N.EO.l) DEV-DEV1 
IF(N.EQ.l) N2-1 
IF(0EV1.LT.DEVI N2-N 
IF(0FV1.LT,DEV) DEV-DEVl 

50 CONTINUE 
■  RETURN 

END 

SUBROUTINE YSCALE(N.F.YD.YX.YM) 
DIMENSION F(eOO) 
PP-F(l) 
PN-PP 
DO 10 I-l.N 
IF(F(n.GT,PP) PP-F(I» 
IF(F(I).LT.PN) PN-F(I| 

10 CONTINUE 
PP-PP*l.E-t-5 
PN-PN*l.E+5 
p-PP-PN 
SN-0. 
IF(PP,GT,0.) SN-1. 
IF(YD.NE,0.) GO TO 50 
DO 20 1-1.21 
FA-(1.E-9)*(10.»*I) 
FA1-FA».! 
IF{P/FA.GE.l.) GO TO 20 
GO TO 30 

SA304690 
SA304700 
SA3047I0 
SA304720 
SA104730 
SA304740 
SA304750 
SA304760 
SA304770 
SA304780 
SA304790 
SA304800 
SA304810 
SA;04820 
SA304830 
SA304840 
SA304850 
SA304860 
SA304870 
SA304880 
SA 304890 
SA304900 
SA304910 
SA304920 
SA304930 
SA304940 
SA304950 
SA304960 
SA304970 
SA304980 
SA304990 
SA305000 
SA305'J10 
SA305020 
SA305030 
SA309040 
SA309050 
SA305060 
SA305070 
SA305oeO 
SA305090 
SA305100 
SA305110 
SA309120 
SA305130 
SA309140 
SA305150 
SA305160 
SA305170 
SA305180 
SA305190 
SA305200 
SA305210 
SA309220 
SA305230 
SA305240 
SA305250 
SA305260 
SA305270 
SA305280 
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NOLTR 73-191 

20 CONTINUE SA305290 
30 YD"5.»FAi SA305300 

YX»FLOAT(INT(PP/YD+SN» )»Y0 5^05310 
YM-YX-7,»YD SA305320 
CN-4. SA305330 
00 40 I-lt3 SA305340 
CN-CN«.5 SA305350 
Y01-CN»FA1 SA305360 
YX1-FL0AT(INT(PP/YD1+SN))*YD1 SA305370 
YM1«YX1-7.«YD1 SA305380 
IF((7.»YDl-P).LT.0.0.OR.YXl.LT,PP,OR.YMl,GT.PN) RETURN SA305390 
YD-Y01 SA305400 
YX-YX1 SA305410 
YM-YM1 SA305420 

*0 CONTINUE SA305430 
50 YX»FLOAT(INT(PP/YD+SNn»YO SA305440 

YM»YX-7,»YD SA305450 
RETURN SA305*60 
END SA305*70 
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APPENDIX F 

SAMPLE PTOBLEMS FDR SA302^ 

I.    PROBLEM EXECUTED ON INTERCOM (TIMB-SHARINC SYSTEM) 

N0L INTERC0M 
TYHF: ,,L0^1N.,, 

L0G1N(S) 
024533LACK/ 

09/07/73 14.35.39.   BD/42/31 
C-   SFTIIP.F0RTRAN 

0N  AT 14.3ft.03.   09/07/73 
♦ ♦F0RTRAN 
♦ ♦NEW   0R  0LD   FILE-   ATTACH ( BN3024* BN 3024) ♦ATTACH(DAT024fDAT02 4) 

1 4.36.38.ATTACH<BN3024*BN3024) 
I4.36.42.ATTACH(DAT024*DAT024> 
»♦READY. 
REWIND<BN3Og4)^C0PYBR(BN3O24<FIL# 1 6) ♦RETURN< BN3024)^TAPE(0N) 

♦♦READY. 
F1L. 

6        25           3 1 
9fi.00         1.000 0.000 

I 
6        25           3 0 

96.00         1.000 0.000 

10 
12596 
-3863 
-9028 
-6727 

72 
• 12544 
12883 
-4064 
12819 
16906 
16416 
4183 

20056 
21034 

0 
4313 

-3410 
-8812 
-8155 
-1604 
12066- 

-13030- 
9930- 

-9618 
-16408- 
-1691 1- 
-2072- 
19 47 4- 
25024- 

-5043 
-1257 
-3226 
-8 1*46 
-8806 
-4806 
11480- 
12926- 
12196- 
-8009 
15151- 
17037- 
12092- 
18985- 
24970- 

-4755 
-3821 
-339 4 
-6754 
-9041 
-7289 
10968- 
12190 
129 10- 
-9665- 
127 48 
21024- 
17925- 
18775- 
24520- 

-3815 
-4763 
-3865 
-4208 
-8976 
-8504 
10779 
-9905 
13042 
12770 
-9465 
20924 
20192 
18979 
23276- 

-1233 
-5027 
-4359 
-1 189 
-8510 
-897 1 

•10971- 
-39 46 

•17035- 
•15201- 
-7798 

•20199- 
•209 1 I- 
•19477- 
■20863- 

4384 
-4998 
-4767 

272 
-7287 
-9037- 
I 1484- 
5892 

16916- 
16425- 
-9462- 
17884- 
21036- 
20063- 
17702- 

12737 
-4765 
-4990 
-1 197 
-4838 
13025- 
12066- 
12194 
16423- 
16920- 
12745- 
12022 
20884- 
20545- 
15987- 

17492 
-4365 
-5037 
-4267 
-1645 
12877 
12554 
5952 
15194 
17041 
15181 
-2110 
20568 
20886 
17628 

Data Tape 

F-l 



20829-23299-24484-24970-25036-248J7-241 56-22743-80225 
17136-I 5667-17203-20207-22712-24146-248 I 5-25035   

0 0 0 0 0 0 

Data Tape 

TAFE(0FF) 

f NAM 

NO X 6* 

Nl s 25, 

NH 8 3, 

IR S 1« 

IP1 = 0# 

IW s 1« 

Rl s 0.96E+02* 

CV a 0.1F*01# 

PY = 0.0* 

SEND 

FNTER 1   0R 0   T0   INDICATE   DATA   PRINT  0R   N0T» 

THE  M0N0P0LF  M0MENT   IS   --                             14.339536 

CURVF   NO. 1 
-528.4 -499.6 -405.6 -147.4 414.3 12/i9.6 1725.1 1235.?i 

407.2 -149.8 -406.2 -500.4 -526.8 -523.9 -500.6 -460.6 
-410.4 -365. 1 -346.7 -363.5 -410.6 -460.0 -500.8 -523.1 
-527.8 

Ct'RVE  NO. 2 
-527.0 -505.4 -438.8 -299.6 -45.0 256.9 403.0 256.1 
-50.9 -296.9 -439.7 -504.8 -528.3 -521.8 -475.2 -352.9 

-108.0 211.3 383.0 215.4 -104.8 -353.1 -474.6 -521.3 
-527.9 

'-2 



CURVE   NO. 3 
-527.0 -512.2 -478.9 -431.1 -372.5 -321.3 -302.4 -321.6 
-372.9 -431.1 -479.9 -512.8 -527.5 -517.1 -443.5 -215.0 

3b0.9 1364.7 1994.9 1370.7 369. 1 -217.5 -444.1 -515.5 
-528.7 

CPRV/F: NO. 4 
-527.4 -515.5 -466.2 -343.3 -105.8 21/j   3 375.2 209.6 
-100.9 -344.0 -466.4 -515.9 -528.0 -514.5 -464.7 -339.0 
-96.7 229.6 39 6.3 229.9 -98.4 -342.0 -465.5 -515.0 

-527.6 

CURVF   NO. 5 
-527.0 -517.0 -444.5 -213.0 373.2 1364.4 1993.7 1368.2 

366.2 -217.1 -443.8 -515.7 -528.2 -513.0 -481.4 -430.2 
-372.0 -323.1 -302. 1 -322.5 -372.3 -430.9 -479.1 -513.2 
-528.0 

CURVE  NO. 6 
-526.9 -521.5 -476.5 -352.3 -110.6 205.3 376.8 212.7 
-107.4 -354.4 -472.9 -521.5 -528.1 -506.2 -440.1 -298.8 
-47.0 261.9 408.8 255.2 -45.2 -295.7 -439.1 -506.0 

-528.0 
(DX#DY#DZ) X 825.54 • 211.43 20. 71 
(D   «02*01> = 852.44 -14.37 88. 61 

THE C0MPFNSAT1NG MAGNET F0R THE XY-PLANE SH0ULD BE 852.2 GAUSS- 
CFNTIMETER-CUBED WITH THF N0RTh P0LE P01NTING 165.6 DEGREES FR0M ♦X. 
(THE  MAGNFT   SH0ULD   REAP 170.4  GAMMA   AT   0NE   MFTFR.) 

THF   C0MPFNSATlNr   MAGNET   F0R   THF  Z-AX1 S   SH0ULD   BE 20.7   GAUSS- 
CFNTIMFTER-CUBED   WITH   THE   N0RTH   F0LE   P01NT1NG   T0WARDS   -Z.   (THE  MAGNET 
SH0ULD   READ 4.1    GAMMA   AT     0NE   METER.) 

THE   A   *   B   C0FFFS.   F0R 
.207106265746F+02 

-.211426879295F+03 

THE      1TH   HARM0NIC   ARE I 
.825542024056F+03 

THF   QIIADRUPOLF  M0MFNTS   Q 1 1 » 022#Q33* Ql 2# 0 1 3# 023   ARE   -- 
.91380I584473E + 07 .996620668908F+07      -.I 91042225336F + 08 
.141965058911F+05 .189439835558E+05 .902315837020E+04 

THF   A   *   B   C0FFFS.    F0R   THF     2TH  HARM0NIC  ARE: 
-.95521 1126691F + Ü7 .1093T3I40054E + Ü5      -.239076 1 03461F + 06 

.5209 52291397F+04 .81963564977bF+04 

THF   A   *   B   C0FFFS.    F0R THF      3TH   HARM0N1C   ARFl 
-.10b665709727F+07 .734751632135F+0fc         .261862613936F+07 

1231F+10 
.446316961324F+07 .306933172460F+06         .393914212069F+07 

.23785770 
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SNAM 

NO s 6» 

Nl s 25« 

NH 3 3, 

IR S 0» 

IP1 ■ 0« 

I W 3 0, 

RI 3 0.96E+02, 

CV S 0. JE + OI# 

PY S 0.0« 

SEND 

ENTER 1   0R 0  T0   INDICATE   DATA  PRINT 0R N0Tl 

THE  M0N0P0LE M0MENT   IS   --                             15.233732 

<DX#DY*DZ)   = 827.69        -212.0^ 20.70 
(D   «02*01)   ■ 854.67 -14.37 88.61 

THE C0MPENSATING MACNET F0R TME XY-PLANE SH0ULD BE 854.4 GAUSS- 
CENTIMETER-CUBED WITH THE N0RTH P0LE P0INT1NG 165.6 DEGREES FR0M ♦X. 
(THE   MAGNET  SH0ULD   READ 170.9   GAMMA AT  0NE  METER.) 

THE   C0MPENSATING  MAGNET   F0R   THE  Z-AXIS   SH0ULD   BE 20.7   GAUSS- 
CENTIMETER-CUBED   WITH   THE   N0RTH   P0LE  P0INTING   T0WARDS   -Z.   (THE  MAGNET 
SH0ULD   READ 4.1   GAMMA   AT     0NE  METER.) 

THE   A   *   B   C0EFFS.   F0R   THE      1TH   HARM0NIC   AREl 
.206988483703E+02        .827692992075E+03 

-.212041720726E+03 

THF   QUADRUP0LE  M0MENTS   011#022«033«Q12#013#023  ARE   -- 
.907751557573E+07 .990809608352E+07      -. 189856116592E+08 
.142413793441F+05        .190259234406E+05        .904881389053E+04 

THE   A   *   B   C0EFFS.   F0R   THE      2TH   HARM0NIC   ARE» 
-.949280582962E+07 .109846220200E+05     -.239767939880E+06 

. 5224335 13554E-» 04        .6 222264 19797E+04 

THE   A  A   B  C0EFFS.   F0R   THE      3TH   HARM0NIC   ARE! 
-.109329743425E+07 .736637847141E+08        .262663903488E+07        .23853972 

2966E+10 
.447595915074E+07 .307504565712E+06        .394909710659E+07 

1 4.47.58.ST0F 
*»READY. 
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tecauT. 

CP  TIME 2.824 
PP   TIME 80.985 
CONNECT  TIME     0 HR   14 MIN   12   SEC 
T0TAL  C0ST 0F   SESSI0N   -   $        3.72 

09/07/73    L0GGED  0UT  AT   14.49.51.< 

1. The file BN3024 is th« Unary version of SA3024.    It consists of 19 binary 
records (fubprogreas).   The last three ere plotting routines and «re not used when 
executing probleas on INTEROOM. 
2. The Information typed In ty the user has been underlined. 
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II. 

APPENDIX      (OONT.) 

PROBLEM SUBMITTED TO BATCH 

N0L   INTERC0M 
TYPE   "L0riN.M 

L0PIN<S) 
024533LACK/I 

09/07/73        14.50. 
C-   SFTUP.PFNERAL 

40.   BD/42/31 

0N   AT 14.51.17.   09/07/73 
**PENERAL 
♦ ♦NEW  CR 0LD  FILE-   NEW/1 ECCOg4*TAPE(0W) 

♦♦READY. 
1 IECC3ST#F1»T060#CM060000.55302435#024,LACKEY. 
2ATTACH(ABC*N0LBIN) 
3C0PYN<O#DEF,ABC) 
4RETURN<ABC) 
5ATTACH(MHL»DAT024) 
6REWIND<MHL> 
7C0PYBF(MHL»DATO24) 
8RETURN(MHL) 
9 ATTACH <BN 3024, BN3094) 
1OL0AD<BN3O24) 
11DEF, 
12^WE0R 
14REWIND<ABC) 
1 SrOl'LDl* 14, ABC 
1^♦WE0R 
5 490 6        25 3 1             t 1 
5 500 9 6.00        1. .000 0.000 
5510 1 
5 5P0 6        25 3 0            1 0 
5 530 9 6.00        1. 000 0.000 
55/iü 0 
5550 10             0 -5043 -4755 -3815 -1233 4364 127 37 17492 
55(^.0 12596      4313 -1257 -3621 -476 3 -5027 -4996 -4765 -4365 
5570 -3663   -3410 -3?26 -3394 -3665 -4359 -4767 -4990 -5Ü37 
55b0 -902fe   -bbl2 -bUc; -6754 -4906 -1169 272 -1197 -4267 
5590 -6797   -8155 -8806 -9041 -6976 -6510 -7267 -4638 -1645 
5600 7P   -1604 -4&06 -7^69 -6504 -6971 -9037- 13025- 12677 
5M0- !2544-13066- 1 1460- 10966- 10779- 10971- 11484- 12066- 12554 

Tape prepared 
beforehand in 
LOCAL mode 

F-6 



5620-12883 
5630   -4064 
5640-12619 
5650-16906 
5660-16416 
5670     4183 
5680-20056 
5690-21034 
5700-20829- 
5710-17136 
5720 0 
TAPE(0PF) 

■13030- 
-9930- 
-9618 

'16408- 
•16911- 
-2072- 
1947 4- 

•25024- 
•23299- 
■15667- 

0 

12926- 
12196- 
-8009 
15151- 
17037- 
12092- 
18985- 
24970- 
24484- 
17203- 
0 

12190 
12910- 
-9665- 
12748 
21024- 
17925- 
18775- 
24520- 
24970- 
20207- 
0 0 

-9905 
13042- 
12770- 
-9465 
20924- 
20192- 
18979- 
23278- 
25036- 
22712- 

0 

-3946 
17035- 
15201- 
-7798 
20199- 
20911- 
19477- 
20863- 
24617- 
24146- 

5892 
16916 
16425 
-9462 
17884 
21036 
20063 
17702 
24156 
24615 

12194 
•16423* 
-16920- 
•12745- 
•12022 
•20884- 
•20545- 
•15987- 
•22743- 
•25035 

5952 
15194 
17041 
15181 
-2110 
20568 
20886 
17628 
20225 

SAVE:*FURGE( IECC024) ♦BATCH. ♦QUEUES. 

♦ ♦SAVED   IECC024 
1 4.58.13.PURGE(1ECC024) 
TYPE   FILE   NAME-1ECC024 

TYPE   DISP0SITI0N-INPUT 

TYPE   FILE   NAME-END 

Tape prepared 
beforehand in 
LOCAL mode 

QUEUES 
INPUT  = 
CBCPU81 
BCAJH8E 

00.35.    1=    19,   0=      3*   Psu*   1 15 
19 

•5   ECAAP8Y-3 
•2  HHJ1J74-2 

HHJFI8B-2 
HHJFI8A-2 
HHJMV8M-2 

SAFCS8N-2 
AJFG084-3 
HHJ1J8L-2 

;=     2. 

DCCXX8Z-3 
SAFHF7 1-2 
D8CJP8W-2 

SAFCS8I-2 
IECC386-1 
IAJFS83-5 ICCBP8X-4   irBJE7T-2 

DCAEV8U-5 
0 UTPUT=      3 
BDASH60-0   1AJF03P-0   DAYFI7G-0 
PUNCH   =      I 
BDASH80-0 
C0MM0N=      2 
SSSSSSU-0   SSSSSST-0 
C0NTR0L   PTS. 
AJFVD78-2  HHJFI79-5   GRID68P-5   AJFG06Q-4  AJFXF54-2   GRIDF80-5 
1 AJF082-5 
1 5.00.35.STOP 
♦♦RFADY. 
L0P01JT. 

CP   TIME .949 
PP   TIME 144.517 
CONNECT   Tlf^E"     0  MR   11   MlN      2   SEC 
T0TAL   CPST   0F   SESSION   =    ? 3.75 

09/07/73     LPPPFD   RUT   AT   15.01.42.< 

Hotes 
1.    The information typed in by the user has been underlined. 
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APPENDIX G 

LISTING OF SA4024 

PROGRAM  DIPDAT( INPUT-65.0UTPUT-65ITAPE5-INPUT,TAPE6»OUTPUT. 

■   OAT024"65,TAPE7«OAT02STAPE99) 

SATELLITE   DATA   PROGRAM 

C 
c 
c 

c 
c 

c 
c 
c 

c 
c 

c 
c 

c 
c 

c 
r 

c 
c 

c 
c 

c 
c 

c 
c 

SA40001B 
SA400020 
SA400030 
SA400(HO 
SA400050 
SA400060 
SA400070 

THIS PROGRAM GENERATES AND PLOTS DATA REPRESENTING THE NORMAL COM- SA400080 
PONENT OF THE MAGNETIC FIELD FROM A SATELLITE. THE DATA IS ENTERED   SA400090 
IN THE FOLLOWING ORDER — SA400100 

SA400110 
NO - THE NUMBER OF GREAT CIRCLES OF DATA, (NO IS USUALLY EVEN, E.G.. SA400120 

N0»(Nl-l)/2. THE PROGRAM STOPS IF N0»0.) SA400130 
SA400140 

Nl - THE NUMBER OF DATA POINTS PER GREAT CIRCLE. (Nl IS ALWAYS ODD.  SA400150 
THE FIRST DATA POINT IS THE SAME AS THE LAST FOR EACH GREAT CIR-SA400160 
LE.) SA400170 

SA400180 
NH - THE TOTAL NUMBER OF DIFFERENT HARMONICS (DEGREES) OF MULTIPOLE  SA400190 

MAGNETS TO 3E CONSIDERED. SA4002OO 
SA400210 

IP - DETERMINES WHETHER OR NOT THE MAGNETIC DATA IS TO BE PLOTTED.   SA400220 
(IP»0 MEANS THAT THE DATA WILL NOT RE PLOTTED.) SA400230 

SA400240 
Rl - THE RADIUS OF THE MEASUREMENT SPHERE IN INCHES. SA400250 

SA400260 
EG   -   THE   ERROR   (IN  GAMMAS)    TO   BE   RANDOMLY   INSERTED   INTO   THE   DATA   TO     SA400270 

REPRESENT   INSTRUMENTATION   INACCURACIES. SA400280 
SA400290 

EA   -   THE   ERROR   (IN  DEGREES)   TO  BE   RANDOMLY   INSERTED   INTO   THE   DATA   TO  SA400300 
REPRESENT  MEASUREMENT   POSITION   ERRORS. SA400310 

SA400320 
ED - THE CONSTANT ERROR (IN GAMMAS) TO BE INSERTED INTO THE DATA.    SA400330 

(THIS WILL BE ANALYZED AS MONOPOLE MOMENT.) SA400340 
SA400350 

PY - THE SCALE FACTOR (GAMMAS/INCH) FOR THE Y-AXIS IF THE DATA IS TO SA400360 
BE PLOTTED. (IF PY=0.0 A FACTOR WILL BE COMPUTED FROM THE DATA.)SA400370 

SA400380 
F9 - THE FORMAT FOR READING AND PRINTING THE SPHERICAL COEFFICIENTS  SA400390 

A(I) AND B(I ). SA400400 
SA^OO^IO 
SA400420 
SA400430 

DO •* NI=1,NH SAA00440 
SA400450 

NN - THE HARMONIC NUMBER (DEGREE) OF THE MULTIPOLE DATA BEING READ SAA00460 
IN, (NN»1 FOR D1POLES, 2 FOR OUADRUPOLES. ETC.) SA400470 

SA400480 

G-l 
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NH THE NUM-ER OF MULTIPC^ES WITH HARMONIC NUMBER NN, 

C 00 •• NJ-l.NM 

C P - THE POSITION VECTOR (IN INCHES) OF THE MULTIPOLE IN RECTANG- 
C ULAR COORDINATES. 

C At I) - THE SPHERICAL COEFFICIENTS FOR THE MULTIPOLE OF DEGREE NN 
C WHERE I«li2.--fNN+l. (I-l IS THE ORDER OF THE 1TH COEFF.) 

C Bm - THE SPHERICAL COEFFICIENTS FOR THE MULTIPOLE OF DEGREE NN 
C WHERE 1-1,2.—iNN, (I IS THE ORDER OF THE 1TH COEFF.) 

C »»NOTE»» THE COEFFICIENTS FOR A DIPOLE OF MOMENT (DX.DY.OZ) ARE 
C AS FOLLOWS — 
C A(1)-DZ* A(2)-DX. AND B(1)«DY. 

C •• CONTINUE 

DIMENSION F(1000).P(3).A(ll),B(10).R(3).DMm,Fl(3),F9t7) 
♦ .AU33).A2a000) 
NAMELIST/NAM/N0.N1,NH,IP,R1,EG.EA.ED,PY 
DATA PI/3.U159265358979/ 
IPT.O 

10 READ(5,01) NO.Nl.NH.IP 
IFdPT.EQ.O.AND.IP.NE.O) CALL CALCM1 <0. 10H02* LACKEY,-1C.) 
IF(NO.EQ.O) GO TO 70 
IF(IP.NE.O) IPT-l 
READ(5,02) R1,EG.EA,ED,PY 
REAO(5,0*) F9 
WRITE(6,NAM) 
WRITEI6,1A) F9 
01«PI/FLOAT(NO) 
02«2.»PI/FL0AT(N1-1) 
IZ"1 
no 50 NI-1,NH 
READtS.Ol) NN,NM 
WRITE(6,03) NN,NM 
NN1-NN+1 
DO 40 NJ"1,NM 
READ(5.02) P 
REA0(5,F9) tA(I),I«l,NNl) 

(B( n,I>l,NN) 
P 
IA(1),I>1,NN1) 
(B(1),I«1,NN) 

CALL SUM(0.,P,0.,P,DM) 

20 

REA0(5,F9) 
WRITE(6.02) 
WRITE(6,F9) 
WRlTE(6,F9) 
IF(NJ.EQ.l.AND.IZ.EQ.l) 
IF(NN.NE.l) GO TO 20 
OM(l)«DM(l)+A(2) 
DM(2)=DM(2)-t-Btll 
DMt3)»DM(3)+A(1) 
DO 30 K=1,N0 
IF(IZ.EQ.l) A1(K)«FL0AT(K- 
Sl»SIN«Al(K)) 
C1-C0S(A1(IC) I 
DO 30 L=1,N1 
<L = L+(IC-1)»N1 

1)»D1+(RANF(1.1)-.5)»2.»EA*PI/180. 

SA400490 
SA400500 
SA400510 
SA400520 
SAA00930 
SA400540 
SA400550 
SA400560 
SA400570 
SA400580 
SA400590 
SAA00600 
SA400610 
SA400620 
SA400630 
SA400640 
SA400650 
SA400660 
SA400670 
SA400680 
SA400690 
»SA*00700 
SA400710 
SA400720 
SA400730 
SA400740 
SA400750 
SA400760 
SA400770 
SA400780 
SA400790 
SA400800 
SA400810 
SA400e20 
SA400830 
SA400840 
SA400850 
SA400860 
SA400870 
SA400880 
SA400890 
SA400900 
SA400910 
SA400920 
SA400930 
SA400940 
SA400950 
SA400960 
SA400970 
SA400980 
SA400990 
SA40100C 
SA401010 
SA401020 
SA401030 
SA401040 
SA401050 
SA401060 
SA401070 
SA401080 
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IFdZ.EQ.l)   A2(l|;L).FLOAT(L-l)»D2+(RAflF(l.l)-,5)»2,»EA»Pl/180. 
S2>SIN(A2(KL)) 
C2-C0S(A2(KL)I 
IFdZ.EQ.l)   F(ICL)-0. 
R(1)"R1»C1»S2 
R(2)«R1»SI»S2 
R(3»-R1»C2 
CALL   AMPFLD(R,P.NN,A,8.F1) 

30   F(KL)»F(KL)+00T(F1,R)/SORT(DOT(R,R) ) 
IZ-0 

i*0   CONTINUE 
50  CONTINUE 

N3«N0*N1 
DO   60   I=liN3 

60   F( I)»F( I )+ED»l.F-5+(RANF(l,l)-,5)*2.E-5«EG 
CALL PRNPUF(F,N0tNl) 
CALL SPCOORIDMiFl ) 
WRITE(6.06) DM.Fl 
IFdP.NE.O)   CALL   DATPLT ( NO »Nl tF ,PY ) 
GO   TO   10 

70   IF(IPT.NE.O)   CALL   CALCM1(0.10H02*   LACKEY,+10.) 
STOP 

01 FORMAT(14I5) 
02 FORMAT(9F8.4) 
03 FORMATt*8HlPOSITlON VECTOR AND COEFFICIENTS FOR NN ( NM « ,213! 

■»■ 7H ARE —) 
0* FORMAT(7A10) 
06 FORMAT(20H1ACTUAL MOMENT IS —/3F20.12/3F20.12) 
14 FORMAT(6H0F9 « ,7A10) 

END 

SUBROUTINE AMPFLD(R,P,N,A,8,F ) 
DIMENSION R(3),P(3),A(11),B(10),F(3),U(3),V(3),W(3) 
DATA PI/3.14159265358979/ 
CALL SUM(1,,R,-1,,P,U) 
CALL SPCOOR(U,V) 
R1«V(1)»2,54 
IF(R1.NE.0.) GO TO 10 
PRINT 01 
RETURN 

10 Ol«V(2)«PI/180. 
O2»V(3)»PI/180. 
S1»SIN(01) $ S2=SIN(02) 
Cl«COS(01) $ C2=COS(02) 
U(1)"C1*S2 5 U(2)«>S1»S2 5 U(3)=C2 
V(1)«C1»C2 $ V(2)»S1*C2 $ V(3)=-S2 
W(1)"-S1   S W(2)«C1    $ W(3)=0. 
H1"H2"H3«0. 
NN-N+1 
DO 30 MMM,NN 
M«MM-1 
Pl»FLOAT(M)»01 
SM1«SIN(P1) $ CM1=C0S(P1) 
P1«SPNM(N,M,C2) 
P2»SPNM(N,M+1,C2) 
P3.P4«0. %   CP«SQRT(FLOAT(N*(N+in/2.) 
IF(M.EQ.O) GO TO 20 
P4-FL0AT((N-M+l)•(N-M+2))»PNM(N+l,M-1 ,C2)+PNM(N+l,M+1,C2) 
P4«.5*SQRT(2.»ANF(N-M)/ANF(N+M))»P4 
P3«C2»P4 » CP=SORT(FLOAT((N-M)»(N+M+1))) 

SA401090 
SA401100 
SA401110 
SA401120 
SA401130 
SA401140 
SA401150 
SA401160 
SA401170 
SA401180 
SA401190 
SA401200 
SA401210 
SA401220 
SA401230 
SA401240 
SA401250 
SA401260 
SA401270 
SA401260 
SA401290 
SA401300 
SA401310 
SA401320 
SA401330 
SA401340 
SA401350 
SA401360 
SA401370 
SA401380 
SA401390 
SA401400 
SA401410 
SA401420 
SA401430 
SA401440 
SA401450 
SA401460 
SA401470 
SA401480 
SA401490 
SA401500 
SA401510 
SA401520 
SA401530 
SA401540 
SA401550 
SA401560 
SA401570 
SA401580 
SA401590 
SA401600 
SA401610 
SA401620 
SA401630 
SA401640 
SA401Ö50 
SA401660 
SA401670 
SA401680 
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20 Bl-0. 
IF(M.GT.O)   Bl-B(M) 
A1-A(MM)*CM1-»'B1*SM1 
H1»H1*A1»PI 
H2«H2*A1»{CP»P2-P3) 
H3-H3*(A(MMi»SMl-Bl»CMl)*P4 

30  CONTINUE 
Rl>Rlft*(N+2l 
H1"FL0AT(N*1)»H1/R1 » H2-H2/RI $ H3-H3/R1 
CALL SUM(H1,U.H2.V,F) » CALL SUM(1,,F,H3,W.F) 
RETURN 

01   FORMAT(50H0FI ELD VECTOR  CANNOT   BE   COMPUTED  AT   POI E  POSITION.//) 
END 

FUNCTION   SPNH(N.M.X) 
SPNM-PNM(NtMfX) 
IF(M.EO.O.OR.M.GT.N)   RETURN 
SPNM-SORT(2.»ANF(N-M)/ANF(N+M))»SPNM 
RETURN 
END 

FUNCTION PNM(NtH.X) 
PNM-O* 
IF(M.6T.N) RETUF.N 
IF((ABS(l.-ABS<X))).GT,l.E-9) GO TO 20 
IFIM.NE.O) RETURN 
PNM*-lt 
IF«X.GT.O..OR,N.EQ.lNT(FLOAT(N)/2,*.U»2t PNM-1. 
RETURN 

20 CNM-<2,»»N)*ANF(N)*ANF(N-M) 
PNM-1. 
IF(M,NE.O) PNM-SQRT(1.-X»X)»»M 
CNM-ANF(2»N »»PNM/CNM 
PNM>1. 
IF(M.NE.N) PNM»X»*(N-M) 
IF(N-M.LE.l» GO TO 40 
PRD1-1, 
NT 
DO 
ANl-FLOAT(N-M-2»l+2) 
AN2"FLOAT(2»n 
AN3«FLOAT(2»N-2M-»-l) 
PR01"-PRD1»AN1«(,\N1-1)/(AN2»AN3) 
NE-N-M-2»! 
AN1-1. 
IF(NE.GT.O) AN1«X«#NE 
PMM»PNM+PRD1»ANI 

30 CONTINUE 
40 PNM«CNM»PNM 

RETURN 
END 

FUNCTION ANF(N) 
DOUBLE PRECISION AN 
ANF>1. 
AN-1.D0 
IFtN.LT.O» PRINT 01 
IF(N.LT.2) RETURN 
DO 10 I-2.N 

10 AN-AN*OBLE(FLOAT(I)) 

•(N-M)/2 
30 .t"l«NT 

SA401690 
SA401700 
SA401710 
SA401720 
SA401730 
:A*01740 
SA4C1750 
SA401760 
SA401770 
SA401780 
SA401790 
SA401800 
SA40iei0 
SA401820 
SA401830 
SA401840 
SA401850 
SA40ie60 
SA401870 
SA401880 
SA401890 
SA401900 
SA401910 
SA401920 
SA401930 
SA401940 
SA401950 
SA401960 
SA401970 
SA401980 
SA401990 
SA402000 
SA402010 
SA402020 
SA402030 
SA402040 
SA402050 
SA402060 
SA402070 
SA402080 
SA402090 
SA402100 
SA402110 
SA402120 
SA402130 
SA402140 
SA402150 
SA402160 
SA402170 
SA402180 
SA402190 
SA402200 
SA402210 
SA402220 
SA402230 
SA402240 
SA402230 
SA402260 
SA402270 
SA4022e0 
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ANF-SNGUANI 
RETURN 

01   F0RMAT(37H1FACT0RIAL 
END 

INTEGER IS LESS THAN ZERO.//) 

SUBROUTINE SPCOOR(D,R) 
DIMENSION D(3)iR(3) 
DATA PI/3.1*159265358979/ 
R(1)»SORT(OOT(D.O»» 
R(2)>0. 
R(3)>0. 
IF(R(1).EO.O.) RETURN 
IF(0(1)»*2+0(2)»*2.NE.O.) R(2)-ATAN2(D(2)tD(l))»180./PI 
R(3)"ATAN3(SORT(D(l)»»2*D(2)»»2).D(3)»»ISO./PI 
RETURN 
END 

SUBROUTINE SUM(A.X.B.Y.Z) 
DIMENSION X<3).V(3)iZ(3) 
DO 10 i»li3 

10 Z« n»A*X(I )+B»Y{I) 
RETURN 
END 

FUNCTION OOT(X.Y) 
DIMENSION X(3).Y(3) 
DOT»X(l)*Y(l)+X(2)*Y(2)+X{3)»Y<3) 
RETURN 
END 

SUBROUTINE PRNPUF(F.NO.Nl) 
DIMENSION F(800).F1<33).IF(800) 
N3»N0»N1 
KS»10 
1CZ»0 
II-O 
DO 20 K0»1.N0 
KS»1+(K0-1)*N1 
KE"<S-»-Nl-l 
DO 10 I-liNl 
ii»n+i 
Fl( n-F(ll)»l,E5 

10 IF(II)»INT(F(11l»l.E+6) 
WRITE(6.01) KO 

20 WRITE{6.02) (Fl (I).1-1iNl) 
WRITE (7,03) ICS.ICZ.UFd) .I-1.N3) 

01 FORMATdlHOCURVE   NO.   ,12) 
02 FORMATdH   ,8F8.1) 
03 F0RMAT(9I6) 

RETURN 
END 

SUBROUTINE DATPLT(N0,N1,F»YDIST) 
DIMENSION F(1000),F1(33)»F2(73),X(33).X1(73) ,0(1 ),P(1 ).CH(16) 
DATA PI/3.14159265358979/ 
DATA CH/1H1,1H2,1H3,1H4,1H5,1H6,1H7,IH8,1H9,2H10»2H11,2H12,2H13, 

+ 2H14,2H15,2H16/ 
N3-N0»N1 
CALL YSCALE(N3,F,YDIST,YMAX,YMIN) 
OX«360./FLOAT(N1-1) 

SA402290 
SA402300 
SA402310 
SA402320 
SA402330 
SA402340 
SA402350 
SA402360 
SA402370 
SA402380 
SA402390 
SA402400 
SA402410 
SA402420 
SA402430 
SA402440 
SA402450 
SA402460 
SA402470 
SA402480 
SA402490 
SA402500 
SA402510 
SA402520 
SA402530 
SA402540 
SA402550 
SA402560 
SA402570 
SA402580 
SA402590 
SA402600 
SA402610 
SA402620 
SA402630 
SA402640 
SA402650 
SA402660 
SA402670 
SA402680 
SA402690 
SA402700 
SA402710 
SA402720 
SA402730 
SA402740 
SA402750 
SA402760 
SA402770 
SA402780 
SA402790 
SA402800 
SA402810 
SA402820 
SA402830 
SA402840 
SA402850 
SA402860 
SA402870 
SA402880 
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F1(1)-F1(2)-YMAX » X(l)-0. » X(2)«360. SA402890 
CALL CALCMl(2tX,Fl,O.O.t360,.YMIN,YMAX,6.,7,,TITLE,O. SA402900 

♦ 20HCOLATITUDE <DEGREES) .-20.30HN0RMAL MAGNETIC FIELD (GAMMAS).   SA402910 
♦ 30»0.il8) SA402920 
FU2)»YMIN $ X(1)«X(2)"360. SA402930 
CALL CALCM1(-2.X.F1,0) SA402«)<.0 
Fl(n"Fl(2)«0. $ X(l)«360. % X(2)»0. SA402950 
IF(YMAX.GT,0.O.ANO.YMIN,LT.0.0) CALL CALCM1(-2.X.Fl .0) SA402960 
DO 10 I-1.N1 SA402970 

10 X(I)«DX*FLOAT(I-l) SA402980 
DO 20 I»l»73 SA402990 

20 Xl(n-5.«FLOAT(1-1) SA403000 
IJ-0 SA403010 
DO 90 I-1.N0 SA403O2O 
DO 30 J'l.Nl SA403030 
IJ"IJ+l SA403040 

30 Fl(J)-F(IJ)«l.E+5 SA403O50 
CALL FNCTON(F1,N1-1.C»CO.P.N2.DEV) SA403060 
DO 40 N-1.N2 SA403070 
EN-N SA403080 
DO 40 J=1.73 SA403090 
XX-X1(J)»P!/180. SA403100 
IF(N.EO.l) F2(J)-C0 SA403110 

40 F2(J)-F2(J)-»'C(N)»SIN(EN»XX+P(N)) SA403120 
CALL CALCM1(-73,X1.F2,0) SA403130 
DO 50 J-1.N1 SA403140 
NC«1+I/10 SA403150 
CALL SYMBL4(X(J)/60..(Fl(J)-YMIN)/Y01ST,.08.CHm .Ot.NC) SA403160 

50 CONTINUE SA403170 
RETURN SA403180 
END SA403190 

SA4032OO 
SUBROUTINE FNCTON(F,NSCANS.C.CO»PHI.N2.DEV) SA403210 
DIMENSION F(l) .G(33».Cm.PHI (1) SA403220 
DATA PI/3.14159265358979/ SA403230 
DX»2.*PI/FLOAT(NSCANS) SA403240 
NE»NSCANS/2+l SA403250 
C0-0. SA403260 
DO 10 J«1.NSCANS SA403270 

10 C0«C0+F<J)/FLOAT(NSCANS> SA403280 
DO 30 N«l,NE SA403290 
EN-N SA403300 
Sl-0. SA403310 
Cl-0. SA403320 
X—DX SA403330 
DO 20 J»1.NSCANS SA403340 
X-X+DX SA403350 
SI«SI*(1./PI)»F(J)»SIN(EN»X)»DX SA403360 

20 C1"C1+(1./PI)*F(J)»COS(EN»X)»DX SA403370 
C(N)-S0RT(S1»*2+C1»»2) SA403380 
IF((FLOAT(N)).EQ.(FLOAT(NSCANS)/2.)) C(N)-C(N)/2.                 SA403390 
PHI(N)«0,0 SA403400 

30 IF((S1»»2+C1»*2).NE.0.) PHI(N>=ATAN2(Cl.SI) SA403410 
DO 50 NM.NE SA403420 
EN-N SA403430 
X--0X SA403440 
DEV1-0. SA403450 
DO 40 J-l.NSCANS SA403460 
X-X+DX SA403470 
IFlN.EO.l) G(J)»C0 SA403480 
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G(J)-G(J)*C(N)»SIN(EN»X*PHI(N)) 
40   tF(ABS(G(J)-F(JjJ.GT.DFVn   DEVI-ABS(G(J)-F(J)) 

IF(N.EO.l)   DEV-DEV1 
IF{N.E0.1)   N2-1 
IF(DEVl.LT.DEV)   N2«N 
IF(0EV1.LT,DEV) DEV-DEV1 

50 CONTINUE 
RETURN 
END 

SUBROUTINE YSCALE (N.F.YDtYXIYM) 
0IHENSION F(800) 
PP-F(l) 
PN-PP 
DO 10 !»1.N 
IF(F(I».GT.PP) PP-F(I) 
IF(FtI).LT,PN) PN-F(I) 

10 CONTINUE 
PP«PP»l,E+5 
PN-PN»l.E+5 
P-PP-PN 
SN-0. 
IF(PP,GT.0.) 5N»1. 
IF(YD.NE.O.) GO TO 50 
DO 20 I-lt21 
FA-(1.E-9)»(10.»M ) 
FA1-FA»,1 
IF(P/FA,GE.l.) GO TO 20 
GO TO 30 

20 CONTINUE 
30 YD-5.»FAl 

YX»FLOAT(INT(PP/YD+SN))»YD 
YM«YX-7.»YD 
CN-4. 
DO 40 I-lt3 
CN-CN».5 
YD1-CN»FA1 
YX1«FLOAT(INT(PP/YD1+SN))»YD1 
YM1«YX1-7,»YD1 
IF((7.»YDl-P).LT,0.0.0R,YXl.LT.PP.OR.YMl .GT.PN) 
Y0-Y01 
YX-YX1 
YM-YM1 

40 CONTINUE 
50 YX-FLOAT( INT(PP/YD-t-SN))»YD 

YM-YX-7.»YD 
RETURN 
END 

RETURN 

SA403490 
SA403500 
SA403510 
SA403520 
SA403530 
SA403540 
SA403550 
SA403560 
5A403570 
SA403580 
SA403590 
SA4O3600 
SA403610 
SA403620 
SA403630 
SA403640 
SA403650 
SA403660 
SA403670 
SA403660 
SA403690 
SA403700 
SA403710 
SA403720 
SA403730 
SA403740 
SA403750 
SA403760 
SA403770 
SA403780 
SA4O3790 
SA403800 
SA403810 
SA403820 
SA403830 
SA403840 
SA403850 
SA403860 
SA403870 
SA403880 
SA403890 
SA403900 
SA403910 
SA403920 
SA403930 
SA403940 
SA403950 
SA403960 

G-7 



■■    " • 

APPE'^n H 

Zi'lTlZ, VVCmZlV. PC?. DM024 

I.   PPCHIS : E-SCI^D c•: i:nir.T:: (TU E-sü/Jinc GYSTC C 

NTL   INTERCOM 
TYHF   "LCr-lN." 
LPriN« 

TYPF   nSFRNAME/HASSVORD/TTY   N0.    (0UTSIDF   NCL   TTY=8&) 
üP^S33LACK/«BliBBB/4 

09/10/73        15.12.25.   BD/Zig/aS 
C-   SFTUF.FPRTRAN 

TN   AT 15.12.38.    09/10/73 
♦♦FORTRAN 
**NF.l-.   PR   OLD   FILF-   ATTACHC BN402 4« BN402^) 

1 5.12.56.ATTACh<RN4024»BN4024) 
**!<FADY. 
!-:Fl,lND(BN402/t)*Cr'PYBR(BN/i024<FIL*9)*RETllRN(qi\'ia024) 

'l>*KFADY . 
FIL. 

6_2g 1 0 
96.00 1.000        0.200        25.00 
( 1H   #7F10.4) 

f.NAM 

\'0 
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N 1 r PS, 

NH = 1, 

1 P s 0, 

Rl s 0.9fiE+ÜS, 

FT = 0.IF+01# 

FA = 0.2F+00» 

FD = 0.?5F+0?f 

hY s ■0.0, 

«■FND 

F9   = 
1 

C1H   ,7F.10.4) 
3 

h^SlTI^M   VECTOR   AND  COEFFICIENTS  F0H  NN   Ä   NM 
39.00       0»0Ü0        0.000 

+.C0C0F+C0+.3100E+CS 

1      3  ARE 

+.ÜGOÜF+00 

39.0000     0.0000     0.0000 
0. .3100E+05 
0. 

-21.00     3^.373        0.000 
♦ .UOOOE + OO-» ISOOF-t-OS 
+.P596F+0S 

2 1.0000 3A.3730  0.0000 
( .     -.isocr+cs 

»2591^*0^ 
 -21.00 -3^.373   0.000 

•»•.OOCOF-t-OQ-. 1500F>CC) 
-.259foF+0? 
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2 1.0000-36.3730     0.0000 
0. -.ISOOE+CS 
- .2598E+05 

CURVE NO. 
-504.3 
431.3 

-386.3 
-503.8 

1 
-475.6 
-125.8 
-341.0 

38 1.5 
382.2 
322.6 

123.3 
476.4 
339.4 

438.5 
502.8 
386.6 

1273.8 
-499.8 
-436.0 

1749.2 
-476.5 
-476.8 

1259.7 
-436.6 
-499.1 

CURVE  NO. 
-502.8 
-26.8 
-83.8 

-503.8 

2 
- 48 1. 3 
-272.8 
235.4 

414.6 -275.5 -20.8 
415.6 -480.7 -504.2 
407.3        239.5        -80.6 

281.0 427.2 280.3 
-497.6 -451.0 -328.7 
-329.0     -450.5     -497.1 

CURVE  NO. 
-502.5 
-348.4 
405.3 

-504.3 

3 
-487.8 
-406.6 
1389.2 

-454.5 
-455.4 
2019.5 

-406.6 
-488.3 
1395.2 

■348.0 
■503.1 
393.6 

-296.8 
-492.7 
-193.1 

-278.0 
-419.0 
-419.7 

-297. 1 
-190.5 
- 49 1. 0 

CURVE NO. 
-503.5 
-77.1 
-74.8 

-503.7 

4 
- 491.6 
-320.2 
253.5 

442.4 
•442.6 
420. 1 

•319.4 
•492.0 
253.7 

-81.9 
■504.1 
-74.5 

238.1 
-490.6 
-318.2 

399.1 
-440.9 
-441.7 

233.5 
-315.1 
-491.1 

CURVE  NO. 
-502.5 
390.7 

-347.5 
-503.4 

5 
-492.5 
-192.5 
-298.5 

■420.0 -188.4 397.7 1389.0 2018.3 1392.8 
■419.2 -491.1 -503.6 -488.4 -456.9 -405.6 
•277.5     -298.0     -347.8      -406.3     -454.5     -488.6 

CURVE  NO.      6 
-502.4 -497.0 -452.0 -327.9 -86.4 229.7 401.3 237.1 
-82.9 -329.9 -448.4 -497.0 -503.7 -481.8 -415.6 -274.3 
-22.6        286.3        433.2        279.6        -20.7      -271.3     -414.7     -481.6 

-503.6 

ACTUAL M0MENT IS -- 
1000.000000000000 
1000.000000000000 

0.000000000000 
0.000000000000 

0.000000000000 
90.000000000000 
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I 5.20.24.ST0P 
««READY. 
L0GgUT. 

CP  TIME 4.233 J 
PP   TIME 56.828 * 
C0NNECT  TIME     0 HR     8  MIN   11   SEC 
T0TAL   C0ST 0F   SESSI0N  =   S        2.60 

09/10/73    L0GGED  0UT AT   15.20.36.< 

1. The file BIIAD2A Is the binary version of SA4024* It oonslsts of 12 binary 
records (subprograms). The last three are plotting routines and are not used when 
executing probleos on INTERCOM. 

2. The Information typed in by the user has been underlined. 
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APPENDIX H (OONT.) 

II. LISTING OP DAT02A 

1 

10 
12596 
-3863 
-5028 
-2727 
4072 

-4544 
-4883 
3935 
-819 

-4906 
-4416 
20183 
-4056 
-5034 
-829 
2863 

Notes; 

1. The data is stored in DAT024 in a way that allows the file to be read in a 
(9F6,1) format. 

2. The first two data points on the first line are values representing the 
calibration and zero readings, OS and CZ. The value of the calibration signal 
CV should be set to 1.0 when using data generated from SA4024.. 

0 
4313 

-3410 
-4812 
-4155 
2395 

-4066 
-5030 
-1930 
2381 

-4408 
-4911 
13927 
-347 4 
-5024 
-3299 
4332 

-5043 
-1257 
-3226 
-4146 
-4806 
-806 

-3480 
-4926 
-4196 
3990 

-3151 
-5037 
3907 

-2985 
-4970 
-4484 
2796 

•4755 
•3821 
•3394 
•2754 
•5041 
•3289 
-2968 
•4190 
•4910 
2334 
-7 48 

■5024 
•1925 
■2775 
•4520 
4970 
-207 

-3815 
-47 63 
-3865 
-208 

-4976 
-4504 
-2779 
-1905 
-5042 
-770 
2534 
-4924 
-4192 
-2979 
-3278 
-5036 
-2712 

•1233 
•5027 
•4359 
2810 
•4510 
•4971 
■2971 
4053 
•5035 
•3201 
4201 

■4199 
-4911 
■3477 
-863 

•4817 
-4146 

4384 
-4998 
-4767 
4272 

-3287 
-5037 
-3484 
13892 
-4916 
-4425 
2537 

-1884 
-5036 
-4063 
2297 

-4156 
-4815 

12737 
-4765 
-4990 
2802 
-838 
-5025 
-4066 
20194 
-4423 
-4920 
-745 
3977 

-4884 
-4545 
4012 

-2743 
-5035 

17492 
-4365 
-5037 
-267 
2354 

-4877 
-4554 
13952 
-3194 
-5041 
-3181 
13889 
-4568 
-4886 
2371 
-225 

i 
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APPENDIX H (OONT.) 

III.    PROBLEM SUBMITTED TO BATCH 

N0L   INTFRC0M 
TYHE   "Ler-IN.1 

L0GIN<S) 
024533LACK/I 

09/11/73        09.43.58.   BC/42/34 
C-   SETUF-.PFNFRAL 

PiN   AT 09.44.23.   09/11/73 
♦♦GENERAL 
♦ ♦NEW  0R  0LD   FILE-   NEW/1 ECCO24^TAPE(0N) 

♦♦READY. 

1 IECC4ST#P1»T200#CM060000.55302435#024,LACKEY. 
2ATTACH(ABC#N0L9IN) 
3C0FYN<O*DEF*ABC> 
4RETURN(ABC) 
5 ATTACH<BN4024, BN4024) 
ftRFWlND<BN4024) 
7C0PYBF<BN4O24#CBA> 
8RETURN<BN4024) 
9L0AD(CBA> 
10DEF. 
1 UWF0R 
12REWINDCABC) 
l 3r0ULDI# 14* ABC 
14^WF0R 
100 
1 10 
120 
130 
140 
150 
lÄO 
170 
IbO 

25 6 
9 6.00        1 
(1H   ,7E10.4) 

I 3 
39.00        0 

000 

000 

1 
0.200 

0.000 

25.00 0.000 

00O0F+00+.31OOF+G5 
COOOE+00 

-2t.00     36 
♦.COCDF+CO- 

373        0.000 
1500F+05 

Tape prepared 
beforehand In 
LOCAL mode 
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6190 
6 200 
6210 
6 220 
6230 
6 240 
6 250 
6 260 
6270 
6280 
6290 
6 300 
6310 
6 320 
6 330 
6 340 
6 350 
6 360 
6 370 
6 360 
6 390 
6 400 
6410 
6 420 
6 430 
6 440 
6 450 
6 460 
6 470 
6 480 
6 490 
6 500 
6510 
6 520 
6 530 
6 540 
6550 
6560 
6 570 
6 580 
6590 
6600 
6610 
6620 
6 630 
♦ 16 
6640 
^650 
6660 
6670 
6680 
6690 
6700 
+ 00 

0.000       0.000 
Tape prepared 
beforehand In 
LOCAL Mode 

0.000       0.000 

0.000 

♦.2596E+05 
-21.00  -36.373       0.000 

♦.00O0E+00-.15OOE+O5 
-.2598E+05 

6       25 1 1 
96.00       0.000       0.000 
(1H   #7E10.4) 

1 1 
0.000       0.000       0.000 

+.0OOOE+00+.1000E+04 
♦.OOOOE+OO 

6   25    1    1 
96.00       0.000       0.000 
C1H   #7E10.4) 
2 I 

0.000   0.000   0.000 
-.9472E+07+.0000E+00-.2241E+06 
♦.OOOOE+OO+.OOOOE+OO 

6   25    1    1 
96.00       0.000       0.000        0.000 
( 1H   *7E10.4) 

3 1 
0.000       0.000       0.000 

♦.OOOOE+OO*.6837E+08*.OOOOE+OO*.2341E+10 
♦.OOOOE+00+.OOOOE+OO+.OOOOE+OO 

6       25 1 1 
96.00       0.000       0.000        0.000       0.000 
(1H   J7E10.4> 

4 1 
0.000       0.000       0.000 

+.15 45E+12+.0000E+00+.1406E+11+.0000E+00-.1860E+11 
♦.0000E+00+.0000E+00+.OOOOE+00*.OOOOE+OO 

6       25 1 1 
96.00       0.000       0.000        0.000       0.000 
(1H   ,7E10.4) 

5 1 
0.000   0.000   0.000 

♦.0000E+00-.2180E+13+.O000E+00-.2812E+14+.000OE+00-.3158E+13 
♦.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO 

6 25    1    1 
96.00       0.000       0.000        0.000       0.000 
(1H   «7E10.4) 
6    1 

0.000   0.000   0.000 
-.21O9E+16+.O0O0E+0O-.3228E+15+.0O0OE+0O+.3536E+15+.O000E+O0+.4533E 

♦.00O0E*00+.0O00E+0ü+.O0O0E*00*.0O0OE*0O+.000OE+00+.0000E*00 
6 25    1    1 

96.00       0.000       0.000       0.000       0.000 
(1H   #7F10.4) 

7 1 
0.000       0.000       0.000 

♦.0OO0E+O0+.4320E+17+.OO00E+O0+.3541E+18+.OOOOE+O0+.4962E+17+.OOOOE 
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PIMI 

6710 
6720 
♦ 00 
6730 
6740 
6750 
6760 
6770 
6780 
♦ 20 
6790 
6800 
♦ 00 
6810 
6820 
6 8 30 
6840 
6850 
6860 
6870 
6880 
6890 
6900 
6910 
6920 
6930 
6940 
6950 
6960 
6970 
6980 
6990 
7 000 
7010 
7 020 
7 030 
7 040 
7 050 
7 060 
7070 
♦ 16 
7 080 
7 090 
7 100 
7 110 
+ 00 
7 120 
7 130 
♦ 00 
7 140 
7 150 
7 160 
♦ 20 

-.6 764E+17 
♦.OOOOE+OO+.OOOOF+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOF 

6        25 1 1 
96.00       0.000       0.000        0.000       0.000 
(1H   «7E10.4) 

8 1 
0.000       0.000       0.000 

♦.2699E+2O+.0000E+0O+.5698E+I9+.00O0E+0O-.5975E+19+.OOOOE+00-.45I7E 

♦ .OOO0E+00-.9102EH9 
♦.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOF+OO+.OOOOE 

1 
0.000       0.000       0.000 

Tape prepared 
beforehand in 
LOCAL mode 

♦.OOOOE+OO 
6        25 8 

96.00       0.000 
<1H   ,7F10.4> 

1 1 
0.000       0.000       0.000 

♦.0000E+00+.1000E+04 
♦.OOOOE+OO 

2 1 
0.000       0.000       0.000 

-.9 472E+C7+.OOOOE+00-.2241E+06 
♦.OOO0E+00+.0000E+00 

3 1 
0.000   0.000   0.000 

♦.0OO0E+00+.6837E+O8+.0OOOE+O0+.2341E+10 
♦.OOO0E+00+.000OE+00+.0OOOE+OO 

4 1 
0.000       0.000       0.000 

♦ . 1545EM2+.0000E+00+. 1 406E* 11 ♦.0000E+00-. 1860E+11 
♦.OOO0E+O0+.00OOE+0O+.00OOE+OO+.0000E+00 

5 1 
0.000   0.000   0.000 

♦.OOO0E+00-.2180E+13+.00OOE+O0-.2812E+14+.0000E+0O-.3158E+13 
♦.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO 

6 1 
0.000       0.000       0.000 

-.2109E*16+.0000E+00-.3228E+15+.0O0OE+0O+.3536E+15+.0000E+004.4533E 

♦.OOO0E*O0+.00O0F+00+.0OOOE*OO*.000OE*0O*.0000E+OO*.OOOOE+00 
7 1 

0.000       0.000       0.000 
♦ .OOO0E+00+.4320E-H7 + .OOOOE+O0+.3541E+18 + .O00OE+OO+.49 62E+17 + .00OOE 

-.6764E+17 
♦.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE+OO+.OOOOE 

8 1 
0.000        0.000       0.000 

+.2699F+20+.OOOOE+00+.5696E+19+.OOOOE+00-.5975E+19+.OOOOE+00-.4517E 
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7 170   ♦.0000F*00-.9102F*I9 
7 180 +.OOOOF:+OO*.OOOOE+OO+.OOOOE+OO*.OOOOE*OO+.OOOOE+OO+.OOOOE+OO+*OOOOE 

♦ 00 
7190   ♦.0000E+00 
7 200 0 0 0 0 
TAPE<0FF>*SAVF*PURPE<1FCCO24>♦BATCH.♦QUEUES. 

♦♦SAVED   IECC024 
09.56.18.PURGE(IFCC024) 
TYPE   FILE  NAWE-IECC024 

TYPE   DISP0S1TI0N-INPUT 

TYPE   FILE   NAMF-FND 

Tap« prepared 
beforehand in 
LOCAL mode 

QUEUES 
INPUT  = 
IFCC43L 
CCBCB3F 
CABRE25 
0UTPUT= 
AJFLZ1Z 
PUNCH   = 
C0MM0N= 
GE0PP 
C0NTR0L 
DAJRI24 
09.57.1 
«♦READY 
L0G0UT. 

09.57.13.   Is/18«   0s      2*   P=      0«   C=      A, 
18 
1   CABRE3J-4  GFJLK3K-5  GRID73I-5 GRIDN3H-5  CABRE3A-4 
5   CABRE3E-4  CABRE3G-4  CABRE3D-4  EAADW3B-5  HHJC027-3 

-4  IECC426-1   CABAP3C-5 HHJ1J22-2  CABRE28-4  CESEQ02-3 
2 

-0  HHJDP19-0 
N0NE 

4 
-0  KFEP7     -0   SSSSSSU-0   SSSSSST-0 

PTS. 
-5   DBA1820-1 
3.ST0P 

CP   TIME 1.674 
PP   TIME 82.029 
C0NNECT   TIME     0  HR   14  MIN     9   SEC 
T0TAL   C0ST  0F   SESSI0N  =   f 3.58 
09/11/73     L0GGED  0UT AT  09.58.07.< 

Note; 

1. The information typed in by the user has been underlined. 
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APPENDIX i 

LISTING OF SA5024 

C 
c 
c 

c 
c 

c 
c 
c 

c 
c 

c 
c 
c 

c 
c 

c 
c 

c 
c 

NH2 - THE HARMONIC NUMBER (DEGREE) REPRESENTING THE HIGHEST DEGREE 
SPHERICAL HARMONIC TERM TO BE COMPUTED FROM THE DATA. <NH2-1 
FOR DIPOLES. 2 FOR QUAORUPOLESt ETC.) 

PROGRAM DlPST0(lNPUT-65.0UTPUT-65.TAPES-INPUT,TAPE6-OUTPUITAPE99)  SA500018 
SAS00020 
SA5OOO30 

SPHERICAL   HARMONIC   PROGRAM SA5000A0 
SA500O50 
SA5OO060 

THIS   PROGRAM  GENERATES   AND   ANALYZES   DATA   REPRESENTING   THE   NORMAL        SA5O0070 
COMPONENT   OF   THE   MAGNETIC   FIELD   FROM   A   SATELLITE.   THE   DATA   IS   ENTEREDSA500080 
IN   THE   FOLLOWING  ORDER   — SA500090 

SA500100 
NO - THE NUMBER OF GREAT CIRCLES OF DATA. (NO IS USUALLY EVEN, E.G., SA500110 

N0»(Nl-l)/2. THE PROGRAM STOPS IF NO«0.) SA5O0120 
SA500130 

Nl - THE NUMBER OF DATA POINTS PER GREAT CIRCLE. (Nl IS ALWAYS ODD.  SA500140 
THE FIRST DATA POINT IS THE SAME AS THE LAST FOR EACH GREAT CIR-SA500150 
LE.I SA500160 

SA500170 
NH1 - THE TOTAL NUMBER OF DIFFERENT HARMONICS (DEGREES) OF MULTIPOLE SA500180 

MAGNETS TO BE CONSIDERED. SA500190 
SA5OO200 
SA50O210 
SA500220 
SA500230 
SA500240 
SA50025C 
SA500260 
SA500270 
SA500280 
SA500290 
SA500300 
SA500310 
SA500320 
SA500330 
SA5003^0 
SA500350 

EG - THE ERROR (IN GAMMAS) TO BE RANDOMLY INSERTED INTO THE DATA TO SA500360 
REPRESENT INSTRUMENTATION INACCURACIES. SA50O370 

SA500380 
EA   -   THE   ERROR   (IN  DEGREES)    TO  BE   RANDOMLY   INSERTED   INTO   THE   DATA   TO  SA500390 

REPRESENT  MEASUREMENT   POSITION   ERRORS. SA500400 
SASOO^IO 

ED   -   THE   CONSTANT   ERROR   (IN   GAMMAS)   TO   BE   INSERTED   INTO   THE   DATA. SA500^20 
(THIS   WILL   BE  ANALYZED   AS   MONOPOLE   MOMENT.) SA500^30 

SA500*<tO 
PY - THE SCALE FACTOR (GAMMAS/INCH) FOR THE Y-AXIS IF THE DATA IS TO SASOO^So 

BE PLOTTED. (IF PY=0.0 A FACTOR WILL BE COMPUTED FROM THE DATA.)SA500*60 
SA500470 

F9 - THE FORMAT FOR READING AND PRINTING THE SPHERICAL COEFFICIENTS  SA500*80 

IPl 

IP2 

■ DETERMINES WHETHER OR NOT THE MAGNETIC DATA IS TO BE PLOTTED. 
(IP1«0 MEANS THAT THE DATA WILL NOT BE PLOTTED.) 

• DETERMINES WHETHER OR NOT THE MAGNETIC DATA IS TO BE PRINTED. 
(IP2«0 MEANS THAT THE DATA WILL NOT BE PRINTED.) 

IW - DETERMINES THE TYPE OF INTEGRATING SCHEME TO BE USED. (IW«0 
MEANS THAT THE EXACT, ALGEBRAIC SCHEME IS TO BE USED.) 

C  Rl - THE RADIUS OF THE MEASUREMENT SPHERE IN INCHES. 

C 
c 

c 
c 

c 
c 

c 
c 
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Ad)   AND  B( I ). 

C DO  ••   NI-1.NH1 

C HH   -   THE   HARMONIC  NUMBER   (DEGREE)   OF   THE   MULTIPOLE   DATA   BEING  READ 
C IN.   «NN»1   FOR   DIPOLESt   2   FOR   OUADRUPOLES.   ETC.) 

C NM  -   THE   NUMBER  OF  MULTIPOLF.S  WTTH   HARMONIC   NUMBER  NN, 

C DO  ••   NJ-l.NM 

C P - THE POSITION VECTOR (IN INCHES) OF THE MULTIPOLE IN RECTANG- 
C ULAR COORDINATES. 

C A(I) - THE SPHERICAL COEFFICIENTS FOR THE MULTIPOLE OF DEGREE NN 
C WHERE I«1,2,--,NN+1. (1-1 IS THE ORDER OF THE ITH COEFF.) 

C B(I) - THE SPHERICAL COEFFICIENTS FOR THE MULTIPOLE OF DEGREE NN 
C WHERE I«1.2.—tNN (I IS THE ORDER OF THE ITH COEFF.) 

C »»NOTE** THE COEFFICIENTS FOR A DIPOLE OF MOMENT (OX.DY.DZ) ARE 
C AS FOLLOWS — 
C A(l)»02» A(2)«DX< AND B(1)>DY. 

C *• CONTINUE 

DIMENSION F(IOOO) .P(3).PV(200) »A( U) .6110) .ROl.OMO) ,F1(3) .D( 3) 
+»A1(33).A2(1000).F9(7) 
NAMELIST/NAM/N0.N1,NH1.NH2.IP1.IP2.IW,R1.EG.EA,E0.PY 
DATA PI/3.1*159265358979/ 
IPT-O 
READ(5.01) NC.N1,NH1.NH2.IP1.IP2.IW 
IF(IPT.EQ.0.AND.IP1.NE.0) CALL CALCM1{0.10H02* LACKEY.-10.) 
IF(NO.EQ.O) GO TO 110 
IF(IPl.NE.O) IPT-1 
READ(5.02) R1.E6.EA.ED.PY 
READ<5.0A) F9 
WRITE(6.NAM) 
WRITE(6.14) F9 
D1-PI/FLOAT(NO) 
D2«2.»PI/FL0AT(N1-1) 
IZ-1 
DO 50 NI-1,NH1 
READ(5.01) NN.NM 
WRITE(6.03) NN.NM 
NN1-NN+1 
DO 40 NJ-l.NM 
REA0(5.02) P 
READ(5.F9) (A(I).I«1.NN1) 

(B(I).I«1.NN) 
P 
(Ad) .1-1.NN1) 
(Bd) .I=1.NN) 

CALL SUM(0..P.0..P.DM) 

10 

READ(5.F9) 
WRITE(6.02) 
WRITE(6.F9) 
WRITE(6.F9) 
IF(NJ.EQ.l.ANO.IZ.EO.l) 
IF(NN.NE.l) GO TO 20 
DM(1)«DM(1)+A(2) 

SA500*90 
5A500500 
SA500510 
SA500520 
SA500530 
SA500540 
SA500550 
SA500560 
SA500570 
SA5005eo 
SA500590 
SA500600 
SA500610 
SA500620 
SA500630 
SA500640 
SA500650 
SA500660 
SA500670 
SA5OO680 
SA500690 
SA500700 
SA500710 
SA500720 
SA500730 
SA500740 
SA5OO750 
SA500760 
SA500770 
»SA5007eO 
SA500790 
SA500800 
SA500810 
SA500820 
SA500830 
SA500840 
SA500850 
SA500860 
SA500870 
SA500880 
SA500890 
SAb00900 
SA500910 
SA500920 
SA500930 
SA5009<fO 
SA500950 
SA500960 
SA500970 
SA500980 
SA500990 
SA501000 
SA501010 
SA501020 
SA501030 
SA5010*0 
SA501050 
SA501060 
SA501070 
SA501080 
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20 

30 

40 
50 

60 

70 

80 

90 

100 

DM(2)"DM(2)+B(1) SA501090 
OM(3)»DM(3)+A( 1) SA501100 
DO 30 K-1.N0 SA501110 
IF(IZ.E0.1) A1(IC)-FL0AT(K-1)*D1+(RANF(1.1)-,5)»2.*EA»PI/180, SA501120 
S1«SIN(A1(K)) SA501130 
C1"C0S(A1(K)) SA501140 
DO 30 L-1.N1 SA501150 
KL«L+(K-n*Nl SA501160 
IF(lZ.EQ.l) A2(KL)»FLOAT(L-l)»D2+{RANF(l.n-.5)»2.*EA»PI/180. SA50U70 
S2"SIN(A2(KL) ) SA50118P 
C2«COS(A2(KL») SA501190 
IFdZ.EO.l) F(KL)»Ot SA501200 
R(1)-R1»C1»S2 SA5012I0 
R(2)»R1*S1»S2 SA501220 
R(3)»R1*C2 SA501230 
CALL AMPFLD<R.PtNN,A.B.Fl) SA501240 
F(KL)-F(KL)+D0T(Fl.R)/SORT (DOT(R.R)) SA501250 
IZ«0 SA501260 
CONTINUE SA501270 
CONTINUE SA5012e0 
N3"N0»N1 SA501290 
DO 60 I-1.N3 SA501300 
F(n»F(I)+E0*l.E-5+(RANF(l.l»-,5)»2.E-5»E6 SA501310 
IF(IW.EQ.O) CALL WGT1(N0.N1.PV) SA501320 
IFJIW.NE.O) CALL WGT3(NOtNltPV ) SA501330 
CALL AMPMNT(NO.Nl,OtRl.F.PV,AtB) SA501340 
WRITE(6.05) A(l) SA501350 
|F(IP2.NE.0) CALL PRINTF(F,NOtNl) SA501360 
IFdPl.NE.O) CALL OATPLT ( NO»Nl ,F ,PY ) SA501370 
DO 100 NI»1»NH2 SA501380 
CALL AMPMNT(N0.N1,NI,R1,F.PV»A»B) SA501390 
IF(NI,GT.l) GO TO 80 SA501400 
D(1)«A(2) SA501410 
D<2)«B(1) SA501420 
D(3)-A(l) SA501430 
CALL SPCOOR(DtR) SA501440 
CALL SPCOOR(DMiFl) SA501450 
WRITE(6.06) DM»F1 SA501460 
WRITE(6f07) DtR SA501470 
IF(Fltl).EQ.O.) WRITE(6.08) SA501480 
IF(F1(1).EO.O.) GO TO 90 SA5C1490 
DO 70 I»l»3 SA501500 
R( n«(DM( n-D( in*ioo./Fim SASOISIO 
WRITE(6.09) R SA501520 
GO TO 90 SA501530 
IF(N1.GT,2) GO TO ^0 SA501540 
S3«SQRT(3,) SA501550 
Q11»S3»A(3)-A(1) SA501560 
022«-S3»A(3)-A<l) SA501570 
Q33»-Q11-Q22 SA501580 
Q12«S3*B(2) SA501590 
OI3»S3*A(2) SA501600 
023«S3*B(1) SA501610 
WRlTE(6tll) QlliQ22tQ33.012.013,023 SA501620 
WRITE(6.12) NI SA501630 
NI1-NI+1 SA501640 
WRITE(6.13) (A(I).I-'l.NIl) SA501650 
WRITE(6.13) (8(1).I»1,NI) SA501660 
CONTINUE SA501670 
GO TO 10 SA501680 
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CALL   CALCMl(0il0H024   LACKEY ,•«■10. ) 110   IF(IPT.NE.O) 
STOP 

01 F0RMAT(14H) 
02 PORMAU9F8.4) 
03 F0RMAT(48H1P0SITI0N VECTOR AND COEFFICIENTS FOR NN ( NM ■ .213, 

* 7H ARE —) 
0* FORMAT(7A10) 
05 FORMAT(26H0THE MONOPOLE MOMENT IS --,F20.6//> 
06 FORMATJ20H1ACTUAL MOMENT IS —/3F20.6/3F20.6) 
07 F0RMAT(24H1CALCULATED MOMENT IS —-/3F20.6/3F20.6) 
08 FORMAT(42H0PERCENT ERROR CANNOT BE COMPUTED - DM . 0) 
09 FORMAT(20HOPERCENT ERROR IS --/3E20.12) 
11 FORMAT(54H0THE OUADRUPOLE MOMENTS 011,022,033,012,013,023 ARE —/ 

* (3E20.12)) 
12 F0RMAT(27H0THE   A   (   B  COEFFS.   FOR   THE   ,I2,16HTH  HARMONIC   ARE9) 
13 FORMAT!1H   ,5E20.12) 
1*   FORMAT(6H0F9   •    ,7A10) 

END 

SUBROUTINE   AMPMNT(N0,N1,N,R1,F,P,A,B) 
DIMENSION   F(IOOO) ,P(200),PN(10,200).A(11),B(10) 
DATA   PI/3.1*1592653589793238<»6/ 
CALL   P0LVAL(N1,N,PN) 
KL-O 
N2«(Nl*l)/2 
D1"PI/FL0AT(N0) 
D2-2.*PI/FL0AT(N1-1) 
DO 10 K"1,N0 
A1«D1»FL0AT(K-1) 
LP-*1 
LI-O 
DO 10 L«1,N1 
KL-ICL*1 
IF(L.GT.N2) LP--1 
LI-LI+LP 
A2«A1♦FLOAT(1-LP)»P1/2. 
Fl-F(ICL) 
A2N«FLOAT(2»N+l) 
A1N»FL0AT(N+1) 
AR«tRl»2.54)»*(N+2) 
NN»N+1 
DO 10 MM«1,NN 
M«MM-1 
AM«FLOAT(M) 
IF(ICL.EQ.l) A(MM)«0. 
IF(KL.EO.l.ANO.M.GT.O) B(M)»0. 
PNM1»PN(MM,LI)»C0S(AM»A2) 
PNM2-PN(MM,LI)*SIN(AM»A2) 
AC-(A2N*AR/A1N)»F1»P(LII 
A(MM)«A(MM)+AC«PNM1 
IF(M.GT.O) B(M)»B(M)+ÄC»PNM2 

10 CONTINUE 
RETURN 
END 

SUBROUTINE WGT1(N0,N1,P) 
DIMENSION 0(50) ,P(200) 
N4«(Nl+l)/4 
AN«FLOAT(N0) 
CALL WGT2(N1,0) 

SA501690 
SA501700 
SA501710 
SA501720 
SA501730 
SA501740 
SA501750 
SA501760 
SA501770 
SA501780 
SA501790 
SA501B00 
SA501810 
SA501820 
SA501830 
.SA50ie40 
SA501850 
SA501860 
SA50ie70 
SA50i880 
5A501890 
SA501900 
SA501910 
SA501920 
SA501930 
SA501940 
SA501950 
SA501960 
SA501970 
SA501980 
SA501990 
SA502O0O 
SA502010 
SA502020 
SA502030 
SA5020A0 
SA502050 
SA502060 
SA502070 
SA502080 
SA502090 
SA502100 
SA502110 
SA502120 
SA502130 
SA502140 
SA502150 
SA502160 
SA502170 
SA502180 
SA502190 
SA502200 
SA502210 
SA502220 
SA502230 
SA502240 
SA502250 
SA502260 
SA302270 
SA502280 
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IM   GO   TO  20 

00   10   Jl-ltN4 
J3-N1/2+2-J1 
0J«D(Jl1/(4.»AN) 
P(J1)"0J 

10 P(J3»»DJ 
IF( I NT(FLOAT(N 1-1)/4,♦.1)»A.NE«<Nl- 
J1-N4+1 
P{ Jl)"D(Jl1/(4.»AN) 

20 N4«(Nl*l»/2 
P(N4)"P(N<»)»2, 
RETURN 
END 

SUBROUTINE WGT2(N,0) 
DIMENSION A(50t50) .0(50) .C(50) 
DOUBLE   PRECISION   A,C,PI,AN 
DATA   P 1/3.1'♦159265358979323846264300/ 
N3»(N+1)/4 
N4-N3+1 
DO 10 1-2,N4 
C( IW./FLOAT(2»I-l) 
A( I,l)«l. 
A(I,N4)-0. 
DO 10 J«2,N3 
AN«2.»PI»DBLE(FLOAT(J-l)J/DBLE(FLOAT(N-l ) ) 

10 A( I tJ)-(DCOS(AN»»»»(2«I-2) 
C(l)-2. 
A(1,N4)-1. 
DO 20 J«1,N3 

20 A(1,J)«2. 
N3»N4 
IF{INT(FL0AT(N-l)/4.+.l)»4.NE.(N-l)» N3-N3-1 
CALL GAUSEL(A,C,N3.N3.1) 
DO 30 I«1,N3 

30 D(I)«C( I ) 
RETURN 
END 

SUBROUTINE WGT3(NO.Ml ,P ) 
DIMENSION P(200) 
DATA PI/3,14159265358979323846/ 
D2=2.»PI/FL0AT(N1-1) 
El»(SlN(02/4.))»»2 
E2-SIN(D2/2.) 
P(l )"=El/(2.»FLOAT(N0) ) 
N2«(Nl+l)/2 
P(N2)=P(1)»2. 
IF(N1.LE.3) RETURN 
N3"N2-1 
DO 10 Lx2,N3 
S2«S1N(D2»FL0AT(L-1)) 
P(L)»ABS(S2*E2)/(2.»FLOAT(N0)) 

10 CONTINUE 
RETURN 
END 

SUBROUTINE GAUSEL(A,C,M,N,IT) 
DIMENSION A(50,50)»C(50),IB(50) 
DOUBLE PRECISION A,CD 
WRITE(6,03) 

SA502290 
SA502300 
SA502310 
SA502320 
SA502330 
SA502340 
SA502350 
SA502360 
SA502370 
SA5023eo 
SA502390 
SA502400 
SA502410 
SA502420 
SA502430 
SA502440 
SA502450 
SA502460 
SA502470 
SA502480 
SA502490 
SA502500 
SA502510 
SA502520 
SA502530 
SA502540 
SA502550 
SA502560 
SA502570 
SA502580 
SA502590 
SA502600 
SA502610 
SA502620 
SA502630 
SA502640 
SA502650 
SA502660 
SA502670 
SA502680 
SA502690 
SA502700 
SA502710 
SA502720 
SA502730 
SA502740 
SA502750 
SA502760 
SA502770 
SA5027eo 
SA502790 
SA502800 
SA502810 
SA502820 
SA502830 
SA502e40 
SA502850 
SA502860 
SA502870 
SA502860 
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c DO 20 I"liM 
! c 20 WRITE(6t04) (A( I.J) .J-l.N),Cm 
( DO 70 t«liN 

70 IBd)-! 
DO 60 I«1.M 
IF«IT.NE.O.ANO.M.NE.N) GO TO 35 
D-0. 
jj-0 
00 10 J-I.N 
IF(0ABS(A(1,J)).LE.D) GO TO 10 
JJ"J 
D-DABS(A(I»J)1 

10 CONTINUE 
IFUJ.EO.n GO TO 35 
IFUJ.NE.O) GO TO 140 
WRITE(6i01) I 
GO TO 110 

1*0 DO 160 J-ltM 
D"A(JtJJ) 
A(JiJJ)"A(J.I ) 

160 A« J.D-D 
ID-IB«JJ) 
IB(JJ)"IB(I) 
IBtn-ID 

35 0-A(I,I) 
DO 30 J-I.N 

30 A(I.J)-A(I,J)/D 
C(l)"C(n/D 
DO 50 J-l.M 
lF(J.EO.n GO TO 50 
D-A(J.I) 
IF(D.EQ.0.) GO TO 50 
DO 40 K-I.N 

40 A( J.IC)-A(J.IC)-D»A( UK) 
C( J)"C( J)-D»C«n 

50 CONTINUE 
60 CONTINUE 

110 IF(IT.EO.O.OR.M.NE.N) GO TO 100 
DO 120 I-l.N 

120 A(I.N)-C(n 
DO 130 I-l.N 
II-1B(I) 

130 C(II)-A(I.N) 
100 CONTINUE 

c IF(IT.EQ.O) WRITE(6.02) (IBd).I-l.N) 
c WRITE(6.05) 
c DO 80 I-l.M 
c 80 WRITE(6.04) (A(I .J) .J>1.N).C( I ) 

RETURN 
01 F0RMAT(5H1R0W .I2.14H IS ALL ZEROS.) 
02 F0RMAT(24H0SINGLE PERMUTATION IS...2013// 
03 FORMAT(21H0THE INPUT MATRIX IS9//) 
04 FORMATdH .7016.8) 
05 FORMAT<22HOTHE OUTPUT MATRIX IS9//) 

SUBROUTINE POLVAL(Nl,N,PN) 
DIMENSION PN(10.200) 
DATA PI/3.14159265358979323846/ 
D2-2.»PI/FL0AT(N1-1) 

SA502890 
SA502900 
SA502910 
SA502920 
SA502930 
SA502940 
SA502950 
SA502960 
SA502970 
SA502980 
SA502990 
SA503000 
SA503010 
SA503020 
SA503030 
SA503040 
SA503050 
SA503060 
SA503070 
SA503080 
SA503090 
SA503100 
SA503110 
SA503120 
SA503130 
SA503140 
SA503150 
SA503160 
SA503170 
SA503180 
SA503190 
SA503200 
SA503210 
SA503220 
SA503230 
SA503240 
SA503250 
SA503260 
SA503270 
SA603280 
SA503290 
SA503300 
SA503310 
SA503320 
SA503330 
SA503340 
SA503350 
SA503360 
SA503370 
SA503380 
SA503390 
SA503400 
SA503410 
SA503420 
SA503430 
SA503440 
SA503450 
SA503460 
SA503470 
SA503480 
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10 

10 

N2>(Nl-*-l)/2 
DO  10   I-ltN2 
A2-D2#FLOAT(l-l) 
C2-C0S(A2) 
NN-N+1 
DO   10   MM.l.NN 
M-MM-1 
PN(MM,I)-SPNM(N,M,C2l 
CONTINUE 
RETURN 
END 

SUBROU1TNF  AMPFLD(R»PtN,AiB.F) 
DIMENSION  R(3).P(3).A(ll),B(10).Ft3),U(3),V(3>.W(3) 
DATA  PI/3,14159265358979/ 
CALL   SUM(1,,R,-1,,P,U) 
CALL   SPCOOR(U.V) 
R1"V(1)«2,5* 
IF(R1.NE.0.)   GO   TO   10 
PRINT   01 
RETURN 
01-V(2)»PI/180. 
02-V(3)»PI/ie0. 
Sl-SIN(Ol)   S   S2-SIN(02) 

s 
s 
$ 
s 

20 

30 

01 

C2«COS(02) 
U(2)"S1»S2 
V(2)"S1*C2 
W(2J-C1 

U(3)»C2 
V(3)«-S2 
W<3)-0. 

Cl«COS(01) 
U(1)"C1»S2 
vm»ci»c2 
Wd)—SI 
H1»H2«H3«0. 
NN-N+1 
DO   30  MM-l.NN 
M»MM-1 
P1»FLOAT(M)»01 
SM1«SIN<P1)   S   CMl=COS(Pl) 
Pl»SPNM(NtM,C2) 
P2"SPNM(NfM+l,C2) 
P3»P^-0.   $   CP«SORT(FLOAT(N»(N+in/2.) 
IF(M.EQ.O)   GO   TO   20 
P4»FLOAT({N-M+l)»(N-M+2))*PNM(N+l,M-l,C2)+PNM(N+l,M+l,C2) 
P4».5»SQRT(2.*ANF(N-M(/ANF(N+M))»P* 
P3«C2»P*   $  CP=SQRT(FLOATt(N-M)*(N+M+l))) 
Bl-0. 
IF(M.GT.O)   B1-B(M» 
A1«A(MM)#CM1+B1»SM1 
H1«HH-A1*P1 
H2«H2+A1*(CP»P2-P3) 
H3"H3+(A(MM)»SM1-B1»CM1)»P* 
CONTINUE 
Rl«Rl»»(N+2) 
H1»FL0AT(N+1)*H1/R1   $  H28H2/R1   $   H3-H3/R1 
CALL   SUM(H1,U,H2,V.F)   $   CALL   SUM(1.,F,H3.WtF) 
RETURN 
FORMAT(50H0FIELD   VECTOR  CANNOT   BE  COMPUTED   AT   POLE  POSITION,//) 
END 

FUNCTION SPNM(N,M,X) 
SPNM-PNM(N,M,X) 
IF(M,EO,0,OR,M,GT,N) RETURN 
SPNM-SORT(2,»ANF(N-M)/ANF(N+M))»SPNM 
RETURN 

SA503490 
SA503500 
SA503510 
SA503520 
SA503530 
SA503540 
SA503550 
SA503560 
SA503570 
SA503580 
SA503590 
SA503600 
SA503610 
SA503620 
SA503630 
SA503640 
SA503650 
SA503660 
SA503670 
SA503680 
SA503690 
SA503700 
SA503710 
SA503720 
SA503730 
SA503740 
SA503750 
SA503760 
SA503770 
SA503780 
SA503790 
SA503800 
SA503810 
SA503820 
SA503830 
SA503840 
SA503850 
SA503860 
SA503870 
SA503880 
SA503890 
SA503900 
SA503910 
SA?03920 
SA503930 
SA503940 
SA503950 
SA503960 
SA503970 
SA503980 
SA503990 
SA504000 
SA504010 
SA504020 
SA504030 
SA504040 
SA504050 
SA504060 
SA504070 
SA504080 
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END 

FUNCTION  PNH(NtM,X( 
PNM-0. 
IF(M.GT.N)   RETURN 
IF((ABS(1.-ABS(X)II.GT.l.E-9)   GO   TO  20 
IF(M.NE.O)   RETURN 
PNM"-1. 
IF(X,GT,O..OR.N.EQ.INT(FLOAT(N)/2.*.1)»2)   PNM-1. 
RETURN 

20  CNM-(2.*»N)»ANF(N)»ANF(N-M) 
PNM-1. 
IF(M,NE.O)   PNM.S0RT(1,-X»X)»»M 
CNM-ANF(2«N)»PNM/CNM 
PNM-1. 
IF(M,NE.N)   PNM-X*»(N-M) 
IF{N-M.LE.l)   GC   TO   40 
PRD1-1. 
NT-(N-M)/2 
DO  30   I-l.NT 
ANl-FLOAT(N-M-2»I+2) 
AN2-FLOAT(2*I) 
AN3-FL0AT(2*N-2»U1 ) 
PRDl--PR01*ANl«(ANl-l)/(AN2*AN3) 
NE-N-M-2*! 
AN1-1. 
!F»NE.GT.O)   AN1-X»»NE 
PNM-PNM+PR01»AN1 

30 CONTINUE 
40  PNM-CNM*PNM 

RETURN 
END 

FUNCTION   ANF(N) 
DOUBLE   PRECISION  AN 
ANF-1, 
AN-1.D0 
IFIN.LT.O)   PRINT   01 
IF(N,LT.2)   RETURN 
DO   10   1-2.N 

10  AN>AN*DBLE(FLOAT(1) ) 
ANF-SNGL(AN) 
RETURN 

01   F0RMAT(37H1FACT0RIAL 
END 

INTEGER IS LESS THAN ZERO,//) 

SUBROUTINE SPCOOR(D.R) 
DIMENSION DO) *R(3) 
DATA   PI/3.14159265358979/ 
R(l)-SORT(OOT(O.D)) 
R(2)-0. 
R(3)-0. 
IF(R(1).EO,0.)   RETURN 
IF(D(ll»»2+0(2)*»2.NE.O.)   R(2)•ATAN2(D(2).D(1))»180./PI 
R(3)«ATAN2(SORT(D(l)••2+D(21»*2),D(3))•180./PI 
RETURN 
END 

SUBROUTINE SUMU.X.BtY.Z) 
DIMENSION X(3).Y(3)»Z(3) 

SA504090 
SA504100 
SA504110 
SA504120 
SA504130 
SA504140 
SA504150 
SA504160 
SA504170 
SA504180 
SA504190 
^A504200 
SA504210 
SA504220 
SA504230 
SA504240 
SA504250 
SA504260 
SA504270 
SA504280 
SA504290 
SA504300 
SA504310 
SAS04320 
SA504330 
SA504340 
SA504350 
SA504360 
SA504370 
SA504380 
SA504390 
SA504400 
SA504410 
SA504420 
SA504430 
SA504440 
SA504450 
SA504460 
SA504470 
SA504460 
SA504490 
SA504500 
SA504510 
SA504520 
SA504530 
SA504540 
SA504550 
SA504560 
SA504570 
SA504580 
SA504590 
SA504600 
SA504610 
SA504620 
SA504630 
SA504640 
SA504650 
SA504660 
SA504670 
SA504680 
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00 10 I«lf3 
10 Z( !)-A»X( I •fB»Y( I I 

RETURN 
END 

FUNCTION DOTIX.Y) 
OtMENSION XO) iY(3) 
00T-X(1)»Y(l)*Xt2)«y(2)+X(3)»Y(3) 
RETURN 
END 

SUBROUTINE PR1NTF(F,N0»N1) 
DIMENSION F(800).F1(100) 
DO 20 IC0«1.N0 
DO 10 I-1.N1 
II»I + (IC0-1)»N1 

10 Fim-F(in»l.E5 
WRlTE(6t01) K0 

20 WRiTEt6t02) (Fl(KK)»KK«l.Nl) 
01 FORMATdlHOCURVE NO. .12) 
02 FORMATI1H .8F8.1 ) 

RETURN 
END 

SUBROUTINE DATPLT(NO.N1 ,F , YDIST ) 
DIMENSION F(IOOO),F1(33) .F2(73).X(33).Xl{73)»Cd ).P(1 ).CH(16) 
DATA PI/3.14159265358979/ 
DATA CH/1H1,1H2,1H3,1H4,1H5,1H6,1H7,1H8,1H9,2H10.2H11.2H12.2H13. 

+   2H1<».2H15,2H16/ 
N3«N0*N1 
CALL   YSCALE(N3.C.YD1ST,YMAX,YM1N) 
OX»360./FLOAT(N1-1) 
Fl(1)-F1(2)=YMAX   S   X{1)»0.   S   X(2)«360. 
CALL CALCM1(2.X,F1,0.0. . 360..YMIN,YMAX.6. ,7.,TITLE.O, 

♦ 20HCOLATITUDE (DEGREES ) .-20.30HNORMAL flAGNETIC FIELD (GAMMAS). 
+ 30.0..18) 
F1(2)-YMIN $ Xll)-X(2)*360. 
CALL CALCM1(-2,X.F1,0) 
Fl(1)-Fl(2)c0.   %   X(l)«360. » X(2)»0. 
IFfYMAX.GT.O.O.AND.VMlN.LT.O.O) CALL CALCM1(-2,X.Fl .0) 
DO 10 I«1»N1 

10 X(I)«DX*FLOAT(1-1 ) 
DO 20 I-1.73 

20 XKI )-5.»FLOAT( 1-1 ) 
IJ-0 
DO 50 I-l.NO 
DO 30 J-1.N1 
tJ»IJ+l 

30 Fl(J)sF(lJ)»l,E+5 
CALL FNCTON(Fl,Nl-l.C.ro.P.N2.DEV) 
DO 40 N=1,N2 
EN«N 
DO 1*0   J = 1.73 
XX«X1(J)»PI/180. 
IF(N.EO.l) F2(J)"C0 

40 F2{J)»F2(J)+C(N)»SIN(EN*XX+PIN)) 
CALL CALCM1(-73,X1.F2.0) 
DO 50 J«1.N1 
NC«1+I/10 
CALL SYMBL4(X(J)/60..(F1(J)-YMIN)/YDIST,,08.CH(1).0..NC) 

SA904690 
SA504700 
SA904710 
SA504720 
SA504730 
SA504740 
SA504750 
SA504760 
SA504770 
SA504780 
SA504790 
SA504800 
SA904810 
SA504e20 
SA504830 
SA504840 
SA504850 
SA504860 
SA504870 
SA504880 
SA904890 
SA504900 
5A504910 
SA504920 
SA504930 
SA504940 
SA504950 
SA504960 
SA504970 
SA504980 
SA504990 
SA505OOO 
SA505O1O 
SA505O20 
SA505O30 
SA505040 
SA505O50 
SA505060 
SA505O70 
SA505080 
SA505O90 
SA505100 
SA505110 
SA505120 
SA505130 
SA505140 
SA505150 
SA505160 
SA505170 
SA505180 
SA505190 
SA5052O0 
SA505210 
SA505220 
SA505230 
SA505240 
SA505250 
SA505260 
SA505270 
SA505280 
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50  CONTINUE 
RETURN 
END 

SUBROUTINE   FNCTON(F.NSCANStC»COiPHI»N2«DEV) 
DIMENSION  F(l) .G(33).Cm .PHI(l) 
DATA PI/3,1*159265358979/ 
DX"2.»PI/FL0AT(NSCANS) 
NE-NSCANS/2+l 
CO-0. 
DO   10  >1,NSCANS 

10   C0"C0*F(Jl/FLOAT<NSCANS) 
DO  30  N-l.NE 
EN-N 
Sl-0. 
Cl-0. 
X»-DX 
DO 20 J«1,NSCANS 
X-X+DX 
S1"S1+(1./PI»»F(J)»SIN(EN»X)*DX 

20 Cl«Cl-»'(l./Pn»F(J)«COS(EN»X)»DX 
C(N)-S0RT(S1*»2+C1*»2) 
IF ((FLOAT (Nn.EO.( FLOAT (NSCANS)/2.n C(N)-C<N)/2. 
PHI(N)-0.0 

30 IF(<S1»»2+C1»*2).NE.0.) PHUN) ■ATAN2(C1 f SI) 
DO 50 N>1,NE 
EN*N 
X--DX 
OEV1-0. 
DO 40 J-liNSCANS 
X-X+OX 
IFtN.EO.l) GIJ)-C0 
G( J)«G(J)+C(N)*SIN(EN»X+PHnN)) 

40 IF(ABS(G(J)-F{J»).6T.0EV1) DEV1»ABS(G<J)-F(J)) 
IF(N.EO.l) DEV-DEV1 
IF(N.EO.l) N2-1 
IF{DEV1.LT.DEV) N2»N 
IF(DEV1,LT.DEV1 DEV-OEV1 

50 CONTINUE 
RETURN 
END 

SUBROUTINE YSCALE(N,F»YD.YX»YM) 
DIMENSION F(800) 
PP-F(l) 
PN-PP 
DO 10 1«1,N 
IFtF(I).GT.PP) PP-F(I) 
IF(F(I).LT.PN) PN-Fd) 

10 CONTINUE 
PP»PP*l.E+5 
PN«PN*l.E+5 
P»PP-PN 
SN-0. 
IFIPP.GT.O.) SN-1. 
IF(YD.NE,0.) GO TO 50 
DO 20 I»1.21 
FA-(1.E-9)»(10.»»I) 
FA1«FA»,1 
IF(P/FA.GE.l.) GO TO 20 

SA505290 
SA505300 
SA505310 
SA505320 
SA505330 
SA505340 
SA505350 
SA505360 
SA505370 
SA5053e0 
SA505390 
SA505400 
SA505410 
SA505420 
SA505430 
SA505440 
SA505450 
SA505460 
SA505470 
SA505480 
SA505490 
SA505500 
SA505510 
SA505520 
SA505530 
SA505540 
SA505550 
SA505560 
SA505570 
SA505580 
SA505590 
i)A505600 
SA505610 
SA505620 
SA505630 
SA505640 
SA505650 
SA505660 
SA505670 
SA505680 
SA505690 
SA505700 
SA505710 
SA505720 
SA505730 
5^505740 
SA505750 
SA505760 
SA505770 
SA505780 
SA505790 
SA505800 
SA505810 
SA505820 
SA505830 
SA505840 
SA505850 
SA505860 
SA505870 
SA5058e0 
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GO TO 30 
20 CONTINUE 
30  YD»5.*FA1 

YX»FLOAT(INT(PP/YD+SN))#VD 
YM«YX-7.»YD 
CN-*. 
DO  40   I-lt3 
CN-CN».5 
YD1»CN»FA1 
YX1-FL0AT(INT(PP/YDH-SN))*YD1 
YM1»YX1-7.*Y01 
IF((7.*Y01-P).LT.O.O.OR,YX1.LT,PP,OR.YM1,GT.PN)   RETURN 
YD-Y01 
YX-YX1 
YM«YM1 

40  CONTINUE 
50  YX«FLOAT(INT(PP/YO+SN))»YD 

YM«YX-7,*Y0 
RETURN 
END 

SA505890 
SA509900 
SA505910 
SA505920 
SA505930 
SA505940 
SA505950 
SA505960 
SA505970 
SA505980 
SA505990 
SA506000 
SA506010 
SA506020 
SA506030 
SA506040 
SA506050 
SA506060 
SA506070 
SA506080 

1-11 



nm  ■ i"        ■ ■ -HI r^- 

APPENDH J 

SAMPLE PRDBLEhfi FOR SA5024 

I.    PHDHLEM EXECUTED ON INTERCOM (TIME-SHARING SYSTEMS) 

N0L   INTERC0M 
TYPE  "LeGIN." 
L0GIN<S) 
024533LACK/I 

09/14/73        13.26.48.   BC/42/35 
C-   SETUP.GENERAL 

0N   AT 13.27.14.   09/14/73 
«♦GENERAL 
♦ ♦NEW  0R  0LD  FILE-   ATTACH< AAA«BN5024)^REWIND( AAA) ♦C0PYBR(AAA<FIL# 1 5) 

1 3.27.44.ATTACH(AAA>BN5024> 
♦ ♦READY. 
RETURNCAAA) 

♦ ♦READY. 
FIL. 

16       33 1 8 0 0 0 
96.00       0.000        0.000        0.000 
C7E10.4) 

$NAM 

NO = 16« 

Nl r 33* 

NH1 - 1« 

J-l 

. 



NH2 = B, 

1P1 s 0» 

IP2 s 0» 

IW = 0» 

Rl : 0.96E+02* 

EG = 0.0« 

EA = 0.0« 

ED s 0.0« 

PY = -0.0« 

SEND 

F9 = 
I 

(7E10.4) 
3 

P0SITI0N   VECTOR   AND   COEFFICIENTS   F0R  NN   *   NM   = 1      3  ARE 
39.00       0.000       0.000 

♦ .0000E-»00». 3100E-»-05 
♦ .OOOOE-t-OO 

39.0000     0.0000     0.0000 

.3100E+05 

-21.00     36.373       0.000 
*.0000E*00-.lS00E-»-05 
•».2598E-»05 

2 1.0000   36.3730     0.0000 

-.150ÜE+05 
.2598E+05 
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■-", -   ' 

-81*00  -36*373        0»000 
♦»OOOOE^OO-.I500E*05 
-.2598F+05 

2 1.0000-36.3730     0.0000 

-.l500F:+05 

.259BE+05 

THE   M0N0F0LE  M0MENT   IS 000005 

ACTUAL M0MENT IS -- 
1000.000000 
1000.000000 

0.000000 
0.000000 

0.000000 
90.000000 

CALCULATED M0MENT   IS   -• 
999.999347 
999.999347 

PERCENT   ERR0R   IS   -- 
.653140392387E-04 

.000000 

.000000 

.367553e09610E-09 

-.000000 
90.000000 

.204352090805E-10 

THE   A  *   B   C0EFFS.   F0R   THE      1TH  HARM0NIC   ARE: 
-.204352090805E-09 .999999346860E+03 

.367553809610E-08 

THE   OUADRUP0LE  M0MENTS   011*022,033/012*013*023   ARE   -- 
.908333976792E+07 .9&59 68240459E+07      -.189430221725E+08 

-.140861894026E-05 .277251221753E-08      - . I 149C6029068E-06 
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THE   A  »   B   C0EFFS.   F0R THE     2TH   HARMONIC   AREI 
-.94715H08686E + 07 . 1 6007 I 06751 2E-08     -.22411 08 I 51 31E + 06 
-.66342181526 IE-07 -.813266524347E-06 

THE   A  «   B   C0EFFS.   F0R THE     3TH   HARMONIC  AREl 
.468939542770E-04 .683659431170E+08     -.223517417908E-07 

3833E+10 
-.814609229565E-04 .884430482984E-05     -.183412397746E-03 

.23409232 

THE   A   «   B   C0EFFS.   FOR   THE      4TH   HARMONIC   AREl 
.154465924862E+12 -.778198242188E-03 .140584755795E+1 1 -.10529816 

1507E-01      -.186018026985E+11 
.351I42883301E-02 . 118371725082E+00 -.733375549316E-03 -.24567153 

3048E-01 

THE   A  A   B   C0EFFS.   FOR   THE      5TH   HARMONIC  AREl 
-.487304687500E+00     - .217954001634E+13     -.256347656250E-01 

7225E+14     -.820884704590E-01 
-.315797097447E+13 

.I77050781250E+01 .128906250000E+00        .177172851563E+01 
7002E+00      -.294870560169E+02 

-.28122218 

.77190017 

THE   A   *   B   COEFFS.   FOR   THE      6TH   HARMONIC  AREl 
-.210884991589E+16     -.195000000000E+02     -.322787259184E+15 
-.210884991589E+16     - . 195000000000E+02     -.322787259184E+1 5 

5000E+03        .353625883682E+15 
.225479736328E+02        .453272232211E+16 
.128687500000E+03        .104384375000E+04        .885156250000E+Ö1 

4375E+04     -.262702636719E+02 
-.114442594910E+04 

.10126562 

.10126562 

.17665273 

THE A * B COEFFS. F0R THE  7TH HARMONIC AREl 
-.225424000000E+06   .431994422628E+17   .172800000000E + 04 

7 182E+18  -. I01790000000E+05 
.496241920808E+17  -.293837539062E+05  -.676359128706E+1 7 

-.267840000000E+05  -. 154800000000E+05  -.230640000000E+05 
0000E+05   . 115108750000E + 06 

-.933500781250E+04  -.660728 401367E+06 

THE A A B COEFFS. FOR THE  8TH HARMONIC AREl 
.269942772159E+20   . 206438400000E+07   .569785815443E+19 

0000E+07  -.597539013375E+19 
-.156819200000E+07  -.451694469107E+20   .765785875000E+06 

9666E+19 
-.425574400000E+07   .626974720000E+08   .271462400000E+07 

0000E+08   .175494400000E+07 
.531896320000E+08  -. 174570300000E+07  -.105260966187E + 09 

0 

.35406399 

-.12074000 

.60129280 

.91015764 

.52427776 

1 3.38.54.STOP 
♦♦READY. 
LOGOUT. 
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V """" """  ' ' ,   "'" ' "i"1 ' i   i  "  —ii .— 

CP  TIME 28.322 
PP  TIME        106.909 
CONNECT  TIME     0 HR   12  MIN  22   SEC 
TOTAL   COST  OF  SESSION  >   S        6.16 

09/14/73     LOGGED OUT AT   13.39.10.« 

NotaBt 

1. The file BN5024 1« the binary version of SA5024. It ooneiete of 18 binary 
records (subprograms). The last three are plotting routines and are not used when 
executing problems on INTEROOM. 

2. The information typed in by the user has been underlined. 
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II.    PHDBLBM SUBMITTED TO BATCH 

N0L   INTERCOM 
TYPE   "LBGIN." 
L0GIN<S) 
0g4533LACK/l 

09/14/73        13.40.17.   BC/42/35 
C-   SETUP.GENERAL 

0N   AT 13.40.33.   09/14/73 
♦♦GENERAL 
♦♦NEW  0R   0LD   FILE-   NEW/IECCO24^TAPE<0N) 

♦♦READY.   
1 IECC5ST#P1»T200*CM060000. 55302435*024,LACKEY. 
2 ATTACHCABC#N0LBIN) 
3C0PYN(O*DEF*ABC> 
4RETURN<ABC) 
5ATTACH«BN5024#BN5024) 
6REWIND(BN5024) 
7 C0PYBF(BN5024*CBA) 
BRETURN<BN5024) 
9L0AD<CBA) 
1ODEF. 
1 UWE0R 
12REWIND<ABC) 
13G0ULD1*14,ABC 
1 4^WF0R 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 

6 200 
6210 
6220 
6230 
6 240 

16        33 
96.00 

(9F8.4) 
1 1 

20.00 
0.000 
0.000 
16 
96.00 

(9F8.4) 
1 

20.00 
0.000 
1000. 
0 

33 

TAPE(0FF> 

1 
000 

0.000 
1000. 

1 
0.000 

8 
0. 000 

1 
000 0.000 

Tape prepared 
beforehand in 
LOCAL mode 

0. 
0, 

000 
000 

0.000 

8 1 
0.000 

0.000 

1 
000 0.000 
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♦♦READY. 
SAVE^HURPECIECC024)♦BATCH.♦QUEUES« 

♦♦SAVED   IECC024 
13.43.50.PURGE(IECC024> 
TYPE   FILE  NAME-IECC024 

TYPE   DISP0SI TI0N-INPUT 

TYPE   FILE  NAME-END 

QUEUES      13.44.38.   1=      7*   0=      0*   P-      0*   C=      3. 
INPUT  =      7 
CABAP72-2   BDCR07K-1   BDC9R7N-3   BDCSH7U-1   IECC579-1   DCCRW78-5 
CESEQ02-3 
f)UTPUT=   N0NE 
PUNCH   =   N0NE 
C0MM0N=      3 
FARE2     -0   SSSSSSU-0   SSSSSST-0 
C0NTR0L   PTS. 
ICCBB63-3   GRIDA7S-5   CABTR7T-5   CBCQ26K-1   AUDIT73-4  HHJL371-2 
CCB7870-5 
1 3.44.38.ST0P 
♦♦READY. 
L0G0UT. 

CP   TIME .785 
PP   TIME 9f.846 
C0NNErT   TIME      0  HR     5   MIN      4   SEC 
T0TAI    C0ST  0F   SESSI0N   =   $        2.14 

09/14/73     LepPED  0UT  AT   13.45.21.< 

Note: 
1. The information typed in by the user has been underlined. 
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APPENDIX K 

NOL TECHNICAL NOTE 9726 
"NUMERICAL COMPUTATION OF LEGENDRE 

POLYNOMIALS AND SPHERICAL FUNCTIONS" 
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TN 9726 
FOR INTERNAL USE OWLY 

NAVAL JRDNANCE LAPORATOFT 
V!hlt« Ok, Sliver Spring, Maryland 

533«MHL:bag 

NUMERICAL CCMPUTATION OP I.EGENDRE POLYNOMIALS AND 
SPHERICAL FUNCTIONS 

7 Novambar 1972 
¥.. H. Lackey 
Magnetic Structures Group 

Asgmtt    Task No. N0L-736/NTL (Magnetic rallbratlon for NPL) 
TV? Mo.  530-52^ 

Abet;      This report describes computer subroutines for the generation of 
Legendre polynomials and spherical functions.    The subroutines are 
coded in the FOPTFAfI TV computer language.    A brief description 
of the functions and sons of their properties is also included. 
A conparison is given of the numerical stability of two dliferent 
methods of generating the ftmotlon«. 

Ref:        (a)    S. Chapman & J. Bartels, Geomagnetism (Cbcford Press, London, 1940), 
Vol. II 

(b) W. D. Macmillan, The Theory of the Potential (McGraw-Hill Book 
Co., New York, 1930) 

(c) ASM 55 Handbook of Mathematical Function (U.S. Gorsmaent Printing 
Office, Uashlngton, D.C., 1964) 

(d) NOLTR 69-60, The Reaction of a Rigid Body to a Uniform force Field, 
17 Mar 1969, M. H. Lackey 

Ends      (1)    Figure 1, Regular Legendre Polynomials P (nostt) For n s 0 
through 7 

n 

(2) Figure 2, Associated Legendre Polynomials P- „(coso) For n = 0 
through 7 ''B 

(3) Figure 3, Schmidt Polynomials P^(cos9) For n s 0 through 7 

(4) Figure 4, Unstable Procedure for P? (cose) For n = 15 
through 20 ? 

(5) Figure 5, Stable Procedure for P0 (cose) For n = 15 
through 20 n 

(6) Appendix A, Listing of Function Subroutines 
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INTRODUCTION 

1. Cenputar subroutliws haro been devised to cenpute values for three 
special types of polynomials including regular and associated Legendre polynomials, 
and Schmidt functions.   The functions have special orthogonality properties 
which make them especially useful for interpolation and approximation.    Techniques 
in spherical harmonic analysis can be defined in terms of the associated 
Legendre polynomials (spherical functions).   The ccjiputer subroutines can be 
used to develop numerical methods for the harmonic analysis techniques. 
A listing o/ the subroutines in FORTRAM IV is included in Appendix A. 

2. The subroutines are based on a finite series definition for the polynomials. 
It was determined that the series definition produced a more stable method 
than methods based on recurrence formulas. 

PCLYNQIIAL üiFIllITiaio 

3. There are a variety of ways to define the polynomials depending on the use 
intended for then.    The definitions and terminology used in the following 
definitions conform to the usage in references (a) and (b).    Some of the 
recurrence formulas were obtained from reference (c). 

4. The regular Legendre polynomials P (x), can be defined on the interval 
-1 £ x & 1 by Rodrique's formula,   ~~ n 

Ixl.l 
(x; can 

for m 4 0, n * 0, and |X| 5.1, The index n designates the degree of the 
polynomial and the index m designates the order. It should be noted that 
some definitions of P  (x) contain a factor of (-l)n depending on whether n,n 
the polynomials are considered to be functions of x on the interval 
-1 s. x < 1 or as functions of e (with x = cosü) on the interval 0 ^ d i n. 
In this report the factor is dropped in keeping with the definitions in 
reference (a). 

5. A ccoparlson of Equations (1) and (2) show that the regular Legendre 
polynomials P (x) are a subset of the astociated Legendre polynomials 

P  (x), i.e., P (x) = P Jx).    Also Equation (2) leads to the fact that 
n,m        n     n,u 
P  (x) = 0 for m > n. n,m 

6. Graphs of typical families of the polynomials are shown in Figures 3 and 2, 

for n 2 0 and Ixl s 1.    The associated Legendre polynomials or spherical 
functions P     (x; can now be defined as  n,m 
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Th« regular L«g«ndr« polynomials shown In Figur« 1 Includ« P  ,  V.,  ..., 
?fj.    Th« poljrnanlal Taluts PD(eo8e) are plotted as functions of d for 
0 i 9 t 180°.    Figur« 2 shows th« fa^ly P7 B(oose) for ■ = 0, 1, 2 7. 
Notio« th« rariation In th« Talus of th« p«aks of «aeh curr«.    Th« curves for 
■ < 4 appear as straight IIIMS coinciding with th« s«ro axis.    This «zt«nsiTB 
Tariation in th« order of ongnitud« for different polynoaiala P     (x) has 

n^B 
disadTantoges, especially in the deTelopoent of numerical analysis procedures. 
This   led    ehmidt (see reference (a)) to develop a new set of polynomials. 

7. The Schmidt polynomiala Pn(x) are defined by scaling the associated 
Legendre polynomials as follows 

P°(x) - Pn .(x) = P (x) 
n n,o n ^) 

^(X) a J2da=Bii(V2p    (x) 
n    | (n-Mn)t )   n,m 

for m > 0 and |x| & 1. The resulting polynomials all have values of the same 

order of magnitude. Also, ^(x)] & 1 for lx| s 1. A typical family of Schmidt 

polynomials F?(cose) for m = 0» 1, 2, ...f 7 is shown in Figure 3. 

MTOERICAL METHODS 

8. There are many ways of numerically generating sets of polynomials. Che of 
the most common methods is the use of recurrence formulas. The associated 
Legendre polynomials satisfy several recurrence formulas Including 

P Jx)  = [(2n-l).x.P , Jx) - (n*m-l)P„ , „(x)]/(n-m) for i^n and H>1  U) 

K J*) =  [(»-n-D-x-P^ nAx) +  (iHm-l)Pn , _ Ax^/il-x2)^2 for \x\<l, n,m    b        n^m—i. n—i,m—x 

Bt>0, and n>0 (5) 

P  (x) = 2(m-l).x.(l-x2rl/2P . , - (tt+m-l)(n-iirt-2)PB m Ax)  for |x|<l 
n,m n,m-i n^m-^ 

and m>l. (6) 

Equation {U)  represents a recurrence formula with varying degree, Equation (5) 
represents both varying degree and varying order, and Equation (6) represents 
varying order. 

9. Another method for generating the associated Legendre polynomials is given 
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in r«f*r«nce (a).    Tha polynoalala or« «xpresscd as a finite (altarnatlng) 
Mrl«8 in powvra of x.    The expreaaion las 

P     (x) = (yid-x2)^2 U- . (n^jln-p-;)^ 
n'B 2n-nl(n-m)l      I 2(2n-1) 

L (n-m) (n-m-1) (n-in-2) (n-aQ)^""^ | 

(7) 

where the laat term inside the bracket ia constant if (n-m) is even; or is a 
nultiple of z if (n-m) is odd. 

NUMERICAL STABILITI 

10. Several different methods baaed on the recurrence fonmlaa were used 
to test the mnerioal stability for Large values of n and m, and for aoall 

values of (x -1). The only recurrence formula with any stability was Equation U) 
which has varying degree. This formula can be used by itself only to generate 
the regular Legendre polynomials. When either Equation (5) or (6) is added 
the method becomes unstable. For example, Figure U shows a family of 

^^(cosd) for n = 15, 16, ..., 20. Notice that instability becomes worse 
n 
as |x| approaches 1 and as n increases. 

11. Instead of trying to stabilize the methods using the recurrence formulas it 
was decided to try the paries Equation (7). Although the equation appears to 
be unstable Itself (alternating series can be unstable) the results indicate 
the opposite. Figure 3 shows the same polynomials displayed in Figure 4 but 
generated by Equation (7). There aeems to be no problem for ix| near one 
or for large n. It was therefore decided to use Equation (7) for the subroutine. 
The computing time using Equation (7) was about the same as methods using 
recurrence formulas. 

SÜBRWTINE CALL 3TATEICNTS 

12. The polynomial values can be computed as follows: Assume that y is a 
variable used in a computer program and that y Is to be set equal to a 
polynomial value. Then 

y = Pn(x) is written as Y = PHM(N,0,X) for »feO and |x|sl. 

y = P  (x) is written as Y = PHM(M,H,X) for KeO, HtO,  and jxisl. 

y = Ax) is written as Y = SPNtl(N,!;,X) for tfcO, IfcO, and Ixkl. 
n 
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ThMT« ax* Vbr— funotlon «utaprocruu in th* p«okaf*. DMM ineluitoi 

FDNCTICH SPJIM(N,M,X) 

rUMCTICN raM(H,H,X) 

FDNCTICIl AH7(N) 

Th* •ulrovviiM ANP(N) Is ih» faotorlal •ubroutliw, 1.«, 

7 B nl !■ written aa T = ANF(N) for NiO. 

Tha factorial valua it raturn aa a floating point nvnbar basad on th* intagar 
N. Th« •ubroutina 3PNH uaai both PNK and ANF aa aztamal ftmotlona. Tha 
•ubroatina FNM usas ANF a« an axtamal function. Th* ■ubroutina ANF raquirat 
no axtamal functiona (naohina functions only). 

USES OF THE FDKCTICKS I^(x) 

13. It can bo ahown that tha aat of polynoolala (.P?(x)] of fixad order u 
ara orthogonal on th« intanral -1 & z < 1 for all n i m. In faoti 

C+1^(x)lJl(x)dx=6im, ^j (8) 

for n 2 ■ vhara ( , ia tha Kronaokar dalta. Tha polyn<»1a1a «an tharafora 
nn' 

b« nonallsod and uaad for intarpolation and axpanaion of arbitrary functiona 
on th« intarral -1 * x * 1. 

14. Th« polynoeiala ara of priaarx iaportanoa in araa« of apbarioal haraoni« 
analyaia and potential theory. If wa dofine two now a«ta of funotiona aa 

(ainU^P^Ccose)), {coa(Bv)Pn(co8e)) (9) 

and oonalder * and e to be tha sph«rical anglaa r«pr«8«nting longitud« 
and colatitwl« zaapaetively, then th« functions ar« called apherloal aurfaea 
hamonles. and are orthogonal and complete on the surface of the unit sphere. 
They satisfy the condition 

f f [■Msr.l [^("«'{ss:}]^«"='„.«-.{&}    <u> 
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for n. n', a, m* fc 0 (soe rafareno« (a)). Than any contlnuoua function 
f(ö,^; on tha surfaca of the unit sphere can be expanded into a uniformly 
oonvargant seriaa of surface harmonics as 

f(ö,*) = E3n(e^) = L I L (A^oosm^ + B^slnm^AcoeeA        (U) 
^bn ^b)iH)  n oaf 

vhare 3(0,*) represents a general surface harmonic of degree n. The 

constants A and ET are determined from the equations 
n    n 

n = ^ U «''•'">"> {c.n,lnMM9 il2) 

for m 2 0 and n 2 0. 

15. Numerical integrating schemes for uniformly spaced data fji = t{*.t<e.) 
on the surface of the unit sphere are discussed in reference (d). ' 

SDHMMO 

16. This report has discussed briefly some of the properties of Legendre 
polynomials and some of their uses. The subroutines listed in Appendix A 
can be used in a rariety of ways including interpolation, approximation, 
and spherical harmonic analysis. Plans are being made to develop other 
subroutines to perform the spherical harmonic analysis and extrapolation of 
potential functions. 

vu u TUU 
M. H. UCKEY ^ 

Copy to: 
331 (R. E. Ferguson) 
331 (T. A. Qrlow) 
530 
531 (W. H. Wertnan) 
5332 
720 
720 (N. M. Ginsberg) 
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FIG.  1.  RJSGirUR LKGKNDRE POLYNCUIALfJ P (ooaw)  FCR n ■ 0 THROUGH 7 n 
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FIG. 2. ASSOCIATED LECEWDRE PCLYNCMIALS P_    (ooae) FOR m = 0 THROUGH 7 
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FIG. 3. SCHMIDT PCLTNCMIALS I^(ooi9) FOR m = 0 THROUGH 7 
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FIG. 4. UNSTABLE PROCEDURE FOR P^ooie) FOR n = 15 THROUGH 20 n 
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FIG. 3. STABLE PROCEDURE FOR F^OMe) FOR n > 15 THROUGH 20 
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APPENDIX   A 

LISTING   OF   FUNCTION   bUbKUUTINES 

FUNCTION  SPNM(N,M.X) 
SPNM«PNM(N,M,XI 
IF(M,tO,0.OR.M.&r.N)    RETUKN 
SPNM: iüRT(2,»ANF(N-M)/ANF(N+M))»SPNM 
RETURN 
END 

FUNCTION   PNM(N,M.X) 
PNM'Ot 
IF(M.&T,N>   RETURN 
IF((ABä(l.-AbS(XI ) )•GT.l.E-9)   GO   TO   20 
IF(M.NE.O)   RETURN 
PNM>-1. 
IF (X*öT*0..OR.N.EU. INT (FLOAT (N)/2.-t-.l)*2)   PNM>1. 
RETURN 

20  CNM«(2,«»N)#ANF(N»»ANF<N-M) 
PNM-1. 
IF(M,Nt.OI   PNM«bQRT(< l,-X»X|**M) 
CNM"ANF(2»N)«PNH/CNM 
PNM-1. 
IF(M,NE.N)   PNM«X»»<N-M) 
IF(N-M.LE.I)   GO  TO   <»0 
PROl-lf 
NT»(N-M)/2 
DO   30   I'l.NT 
ANl«FLOAT(N-M-2*I+2) 
AN2"FLOATJ2»n 
AN3»FLÜAT(2»N-2«I+1) 
PR01«-PR01»ANI*(AN1-1)/(AN2»AN3) 
NE«N-M-2»I 
AN1»1. 
IF(NE.GT.O)   ANl«X»*NE 
PNM»PNM-t-PRÜl*ANl 

30 CONTINUE 
^0 PNM=CNM»PNM 

RETURN 
END 
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FUNCTION  ANFINI 
DOUBLE  PRECISION   AN 
ANF«1. 
AN-1.D0 
IF(N.LT.O)   PRINT   01 
IF(N.LT.2)   RETURN 
00   10   I«2.N 

10   AN-AN»DBLE(FLOAT(I ) ) 
.NF-SNGL(AN) 

RETURN 
01   F0RMAT(37H1FACT0RIAL   INTEGER   IS  LESS   THAN   ZERO,//» 

END 
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